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Abstract 
 Type 2 diabetes (T2D) has become a major public health priority, especially in older 
adulthood when disease prevalence rises to ~20%. T2D is related to a host of symptoms and 
comorbidities including impairments in cognitive function. Despite evidence of the benefits of 
physical activity to control disease, alleviate symptoms, and improve quality of life, most 
individuals with T2D do not meet physical activity recommendations. Physical activity is a 
complex behavior requiring substantial motivational and cognitive resources, as well as 
continued perseverance. The purpose of this study was to examine mechanisms of physical 
activity behavior in older adults with T2D in light of both social cognitive theory and 
neurocognitive perspectives. A secondary purpose of this pilot study was to test if an 8-week 
physical activity intervention targeting self-efficacy and self-regulatory strategy use would 
increase physical activity levels six months later. 
 Older adults with T2D (Mage = 61.8 ± 6.4) completed either an 8-week exercise 
intervention (n = 58) or an online metabolic health education course (n = 58). Measures of 
physical activity, self-efficacy, self-regulatory strategy use, cognitive function, and disease 
severity were collected at baseline, post-intervention (month two), and follow-up (month six). 
Overall, the results of this study provide some support for the hypothesized self-
regulatory, self-efficacy model for physical activity behavior, highlighting specific executive 
functions including memory and cognitive flexibility. The intervention was effective in 
increasing physical activity in older adults with T2D. These results contribute to knowledge of 
physical activity adherence in older adults with metabolic disease.  
Keywords: diabetes, physical activity, older adults, self-regulation, self-efficacy 
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CHAPTER I: INTRODUCTION 
Background 
Delaying or preventing the onset of metabolic dysfunction and disease, such as type 2 
diabetes mellitus (T2D), is an important public health goal. In 2007, 7.8% of the US adult 
population had T2D (CDC, 2008), 17.9 million Americans had been diagnosed with diabetes and 
an estimated 5.7 million have undiagnosed diabetes (CDC, 2008). Approximately 1 in 5 older 
adults experiences metabolic disease. As the population is increasingly represented by older 
adult individuals, the long-term consequences of metabolic disease and associated comorbidities 
are important public health issues with substantial individual, community, and societal impact. 
T2D is associated with multiple comorbidities including cardiovascular disease, obesity, kidney 
disease, amputation, blindness and even premature death (CDC, 2008). More recently, there has 
been evidence indicating that metabolic dysregulation influences brain function (Hendrickx, 
McEwen, & van der Ouderaa, 2005; Messier, 2005; Ryan, 2005). T2D is associated with 
impaired cognitive processes (Messier, 2005; Ryan, 2005) and there is some evidence that 
impaired glucose tolerance and insulin resistance are the driving factors associated with 
cognitive deficits (Hendrickx et al., 2005). The literature indicates that lifestyle modification, 
specifically physical activity, can improve the trajectory of disease course (Aizawa et al., 2008; 
CDC, 2008; Jeon et al., 2007).  
Despite evidence of the benefits of physical activity, epidemiological data indicate that 
most individuals with T2D do not meet physical activity recommendations. A 2003 estimate 
reported that 23% to 37% of adults with T2D met the recommended levels of physical activity, a 
percentage that is lower than the national average (Nwasuruba et al., 2007).  
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Mechanisms underlying physical activity adherence in individuals with T2D are not fully 
understood and further research is warranted to better understand factors affecting adherence. 
The REWinD (Regulating Efficacy and Wellness in Diabetes) pilot trial implemented an exercise 
behavior change intervention for individuals with T2D to further examine specific physical 
activity determinants. Understanding determinants and moderators of physical activity adherence 
in populations affected by T2D is crucial for improving disease course. 
Social Cognitive Theory (SCT; Bandura, 1986, 2004) specifies a core set of psychosocial 
determinants (i.e., self-efficacy, outcome expectations, self-regulation and goals, and 
sociocultural factors (facilitators and impediments)) for effectively understanding a broad range 
of health behaviors, including physical activity. SCT suggests that behavior change occurs 
through changes in motivation and self-regulation and hypothesizes that self-efficacy, the central 
construct, has both direct and indirect influences on behavioral outcomes (Bandura, 2004). 
Cognitive and motivational elements of self-regulatory behavior may have direct and indirect 
effects on physical activity behavior.  
Adherence to complex behaviors, such as regular physical activity, is difficult. Being 
physically active requires a combination of difficult tasks such as substantial expenditure of 
effort, and continued perseverance (McAuley & Blissmer, 2000). Adopting and maintaining 
physical activity requires one to self-regulate behavior by inhibiting habitual responses (such as 
playing video games or watching television) and replacing them with other behaviors (such as 
going for a walk). Two approaches to examining self-regulatory processes involved in behavior 
change include: 1) the psychosocial paradigm which generally assesses self-reported intentions 
and goal-setting techniques and 2) the neurocognitive perspective which emphasizes cognitive 
abilities (McAuley, Mullen et al., 2011). Executive control skills such as planning and 
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scheduling, inhibition, memory, attention, and task switching are necessary for behavior change. 
Cognitive function, more precisely executive function, may have the potential to affect an 
individual’s capability to successfully initiate, and maintain, physical activity behavior change. 
Cognitive control is especially important during the initial phase of behavior change when a new 
behavior, such as physical activity, is adopted. 
Older adults with T2D may represent a vulnerable population who are at heightened risk 
of non-adherence to physical activity. The development of glucose intolerance coincides with 
increasing cognitive impairments, which are exacerbated over time and with age. Learning and 
recall impairments have been observed in middle- and older-adult individuals with metabolic 
dysregulation. Other observed cognitive impairments include: lower overall intellectual 
functioning and impaired executive functioning (Hassenstab, Sweat, Bruehl, & Convit, 2010). 
Impairments in certain executive functioning processes may affect behavior change strategies 
and behavioral adherence. 
The purpose of REWinD was to examine relationships among self-efficacy, self-
regulation, cognitive function and physical activity behavior in adults with type 2 diabetes 
(T2D). The efficacy of an 8-week physical activity intervention targeting self-efficacy and self-
regulatory skill use in individuals with T2D was tested compared to an educational control group 
in increasing physical activity levels. 
Objectives & Hypotheses 
Objective 1: To examine relationships between physical activity, self-efficacy, self-
regulatory strategy use, and cognitive functioning over time. The proposed model is shown in 
Figure 1. As adherence to physical activity programs is consistently associated with higher levels 
of exercise-related self-efficacy (McAuley & Blissmer, 2000), the effects of self-regulatory 
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strategies, including executive functioning, on adherence should partially operate through self-
efficacy (McAuley, Mullen et al., 2011).  It was hypothesized that baseline use of self-regulatory 
processes of self-monitoring/goal-setting and cognitive functioning, would indirectly influence 
physical activity behavior through self-efficacy (see Figure 1). 
Objective 2: To compare changes in cognitive function, self-regulatory skill use, and 
self-efficacy in the intervention and usual care groups. To examine trajectories of metabolic 
parameters, self-regulatory processes (executive function and self-regulatory strategy use), self-
efficacy, and physical activity over the six month time period. It was hypothesized that 
improvements in self-regulatory processes and self-efficacy would be observed in the 
intervention group. Additionally, it was hypothesized that metabolic parameters would improve 
from baseline to month six in the intervention group.  
Objective 3: To assess the efficacy of the proposed intervention in increasing physical 
activity in the target population. It was hypothesized that the intervention group would adopt and 
sustain increased levels of physical activity across the study period compared to the education 
condition. 
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CHAPTER II: LITERATURE REVIEW 
This chapter reviews details of T2D, its etiology and primary treatments; the role of 
physical activity in treatment and prevention of T2D; and associations among T2D, physical 
activity, and cognitive function. An integrated view of both the psychosocial and neuroscience 
aspects of self-regulatory processes is proposed. Finally, this review leads to a summary of the 
present study.  
Type 2 Diabetes  
The number of individuals affected by metabolic disease, specifically type 2 diabetes 
(T2D), is considerable. In 2007, 7.8% of the US adult population had T2D (CDC, 2008), which 
was a 1.5% increase since 2003 (CDC, 2003). It is projected that one in three children now born 
will go on to develop T2D during her/his lifetime (Englelgau et al., 2004) and each year 
approximately 1.5 million persons in the US are newly diagnosed with diabetes (CDC, 2008).   
The prevalence of diabetes increases to 23.1% in persons above 60 years (CDC, 2008), as aging 
is associated with incremental and gradual losses of glycemic control. However, in recent years, 
increasingly more people have developed metabolic disease at a younger age (Hendrickx et al., 
2005).  
Diabetes is a lifelong disease involving chronically high levels of blood sugar. Diabetes 
can be caused by too little insulin, the molecule which enables glucose to be metabolized by 
cells, by insulin resistance, or both. Type 1 diabetes, previously known as insulin dependent 
diabetes mellitus, is characterized by a failure of the pancreas to produce insulin thus resulting in 
high blood glucose. Type 2 diabetes (T2D), or non-insulin dependent diabetes mellitus, differs in 
that cells become resistant to insulin, leading to the failure of cells to uptake glucose. The result 
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is high blood glucose. T2D, according to the American Diabetes Association, is defined as the 
presence of any of the following four criteria: 1) glycosylated hemoglobin (A1c) value of 6.5% 
or higher, 2) fasting plasma glucose above 126 mg/dL, 3) 2-hour plasma glucose above 200 
mg/dL during an oral glucose tolerance testing using 75g load of glucose and/or 4) classic 
symptoms of hyperglycemia (including polyuria, polydipsia, and unexplained weight loss) or 
hyperglycemic crisis. T2D accounts for 90-95% of diabetes cases (American College of Sports 
Medicine and American Diabetes Association Joint Statement, 2010). T2D is associated with 
hyperinsulinemia which can lead to pancreatic fatigue and a subsequent insulin shortage. 
T2D typically progresses from prediabetes and can continue to worsen with potential 
outcomes including nerve damage, kidney failure, blindness, heart disease, skin necrosis, 
amputations, stroke and even death. Prediabetes is a condition that entails impaired glucose 
control and often leads to a diagnosis of T2D. Following the natural progression of the disease, 
the majority of individuals diagnosed with prediabetes are eventually diagnosed with diabetes 
(Edelstein et al., 1997). Approximately 57 million Americans have prediabetes and therefore are 
at risk for development of further metabolic disease and other complications (Pour & Dagogo-
Jack, 2011). Research has shown that T2D is associated with much comorbidity including 
cardiovascular disease, obesity, kidney disease, amputation, blindness and possibly premature 
death (CDC, 2008). 
Genetic and environmental factors are strongly implicated in the development of T2D. 
Exact genetic indicators are complex and not well understood. However, it has been well-
established that age, obesity, and physical inactivity are associated with increased risk (American 
College of Sports Medicine and American Diabetes Association Joint Statement, 2010). Risk 
factors for metabolic disease are well-documented and intervention techniques, including 
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lifestyle modification and pharmacologic treatment, have been shown to prevent, delay or even 
in some cases reverse disease course (Pour & Dagogo-Jack, 2011). 
Diabetes & Cognitive Function 
Recent evidence suggests that disruptions in glucose regulation are associated with 
cognitive impairment (Hendrickx et al., 2005). T2D and the associated inability to control blood 
glucose are related to impaired cognitive processes (Messier, 2005; Ryan, 2005) and there is 
some evidence that impaired glucose tolerance, or pre-diabetes, may be associated with cognitive 
deficits (Hendrickx et al., 2005).  
Both metabolic dysregulation and cognitive decline have features in common with aging. 
Both cognitive impairments and brain structural aberrations have been reported in metabolic 
disease (Gold et al., 2007; Convit et al., 1997; Leibson et al., 1997). Such cognitive impairments 
are most often observed in older adults with metabolic disease. However, early onset of T2D, 
poor glycemic control, and vascular disease appear to result in cognitive decline at an earlier age 
(Awad, Gagnon, & Messier, 2004). Metabolic disease is associated with health risk factors such 
as obesity, hypertension, dyslipidemia, disturbed cortisol control, and chronic low-grade 
inflammation. All of these factors influence cognitive function independently and may 
collectively contribute to the metabolic-cognitive syndrome. Cognitive deficits are also 
correlated with glucose intolerance, insulin resistance or untreated diabetes and attenuation of 
cognitive impairments have been observed by treatments that improve glycemic control (Awad 
et al., 2004). 
Not all cognitive functions are affected equally by metabolic disease.  Declines in 
information processing speed and declarative memory have been consistently associated with 
metabolic disease (Awad et al., 2004; Ryan, 2005). Tasks dependent on the hippocampus and 
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surrounding structures seem to be especially vulnerable (Convit, 2005). It is important to note 
that aging is correlated with hippocampal deterioration. Gold and colleagues (2007) examined 
hippocampal performance in age, sex, and education matched healthy and diabetic middle-aged 
individuals. Both hippocampal structure and function were impaired in the individuals with T2D. 
Those with T2D showed decreased performance on hippocampal-dependent tasks, such as 
Weschler memory scale and the California verbal learning test short and long, but there was 
preservation of other cognitive functions such as attention and inhibition. Atrophy of the 
hippocampus was associated with diabetes related variables, especially glycosylated hemoglobin 
(HbA1c). Gold and colleagues concluded that middle-aged individuals with well-controlled 
diabetes still experience clear deficits in hippocampal based memory and structure atrophy.  
Additionally, hippocampal volume reductions and white and gray matter abnormalities 
have been linked to poor glycemic control associated with metabolic disease (den Heijer et al., 
2003; Gold et al., 2007; Jongen et al., 2007; Korf, Scheltens, White, & Launer, 2006; Kumar et 
al., 2008; van Harten, Oosterman, Potter van Loon, Scheltens, & Weistein, 2006). Associations 
between metabolic disease and associated cardiovascular risk factors together are related to 
decrements in prefrontal regions (Kumar et al., 2008). 
In a review, Awad and colleagues (2004) concluded that decrements in processing speed 
and immediate verbal memory in T2D have been consistently observed. A smaller proportion of 
studies showed significant performance differences in nonverbal memory, arithmetic, phonemic 
and categorical fluency. Cognitive impairments observed in nonverbal memory and executive 
function with T2D were inconsistent. Such variability could be due to methodological 
differences, task/test sensitivity or sample size and insufficient statistical power. A key variable 
in the metabolic cognitive impairment phenomenon is glucoregulatory control. Individuals with 
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poor glucoregulatory control, which includes untreated T2D and non-diabetic conditions with 
impaired glucose tolerance, are more likely to show cognitive impairment compared to controls 
than individuals with well-controlled T2D. The largest effect sizes were observed in studies in 
which the participant mean age was above 65 and in which higher HbA1c levels were observed 
(Awad et al., 2004). The literature suggests that insulin resistance is primarily important in 
metabolic related cognitive impairments. Metabolic-cognitive impairments may start as early as 
the fifth decade of life and worsen with age.  
Several mechanistic propositions related to the metabolic cognitive syndrome have been 
offered throughout the literature including obesity, stress and cortisol, chronic low-grade 
inflammation, and cerebral nutrient availability. Each of these pathways has some empirical 
support, however, there are still many questions concerning the precision and public health 
applicability of each mechanism. Following is a brief description of each proposed mechanism. 
Obesity 
Obesity is often associated with metabolic syndrome, insulin resistance, and T2D. There 
is an expanding literature linking obesity to compromised cognitive functioning independent of 
glucose control. Gunstad and colleagues (2007) observed a relationship between executive 
dysfunction and BMI greater than 25kg/m
2
 in a sample of male and female adults. Specifically, 
global gray matter atrophy (Taki et al., 2008) and frontal and medial-temporal lobe abnormalities 
(Gustafson, Lissner, Bengtsson, Bjorkelund, & Skoog, 2004; Pannacciulli et al. 2006) are related 
to obesity. Gustafson and colleagues (2004) found in a sample of older adult women that 
individuals with cerebral temporal lobe atrophy had 1.1-1.5kg/m
2
 higher BMI than those without 
cerebral atrophy. The risk of cerebral atrophy increased 13-16% with every additional BMI unit.   
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Visceral obesity, reflected by waist-to-hip circumferences has been associated with 
reductions in hippocampal volume and white matter pathology (Jagust, Harvey, Mungas, & 
Haan, 2005). Prospective studies have observed associations between accumulation of visceral 
adipose tissue and cognitive decline in older adults (Gustafson, 2006; Whitmer et al., 2008). 
Additionally, central adiposity has been associated with reductions in hippocampal volume and 
increased white matter pathology where a one standard deviation increase in waist to hip ratio 
was associated with a .2 standard deviation decrease in hippocampal volume and a 27% increase 
in white matter hyperintensities (Jagust et al., 2005).  Additionally, body mass index is 
associated with lower gray matter volume (r = -.19, p < .0001) (Taki et al., 2008). Obesity is 
associated with brain structure and impaired function. The physiological mechanisms and 
pathways of this effect remain unclear, probably because multiple, complex mechanisms are 
responsible for the obesity-related cognitive impairments. However, proposed behavioral 
mechanisms suggest that individuals with impaired cognition function may have more difficulty 
with weight control behaviors such as planning, reasoning and problem solving. 
Stress and Cortisol 
Cortisol dysregulation is associated with both T2D and impaired cognitive function 
(Bruehl et al., 2007). Bruehl and colleagues (2009) examined the metabolic cognitive syndrome 
with a specific aim of identifying modifying factors of cognitive performances. A comparison of 
T2D adults and age-matched controls without T2D indicated that T2D negatively impacted 
hippocampal volume and performance on specific verbal memory tasks. The participants with 
T2D had reduced suppression of cortisol release after dexamethasone (synthetic glucocorticoid) 
injection compared to the participants without T2D. However, cortisol release in response to 
cortisol releasing hormone did not differ between groups, suggesting that the feedback 
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mechanism regulating cortisol levels was impaired higher up in the hypothalamus-pituitary-
adrenal (HPA) axis in participants with T2D. It does appear that diabetes impacts the HPA axis. 
Individuals with poorly controlled diabetes show hyperactivity of the HPA axis which results in 
higher levels of circulating cortisol. Chronic cortisol elevations, which are often observed in 
metabolic disease, contribute to memory and learning impairments by altering synaptic plasticity 
and reducing neurogenesis (Stranahan et al., 2008). 
Inflammatory factors 
Inflammatory markers, such as C-reactive protein (CRP) and fibrinogen, appear to 
contribute to the metabolic-cognitive syndrome (Skalicky et al., 2008; Fernandez-Real & Pickup, 
2008; Sweat et al., 2008). Pro-inflammatory cytokines such as IL-6, which are elevated in 
obesity and T2D, have been linked to cognitive decline (Weaver et al., 2002).  Additionally, 
chronic low grade elevations in CRP have been seen to be independently predictive of 
cardiovascular disease and influence the development of metabolic disease, including T2D 
(Skalicky et al., 2008).  
Cerebral Nutrient Availability 
Another proposed mechanism for the metabolic cognitive syndrome is the reduced 
availability of nutrients and glucose to cerebral tissues. Reduced cerebral blood flow has been 
observed in patients with T2D and increasing BMI (Selim, Jones, Novak, Zhao, & Novak, 2008). 
The hypothesis that diminished glucoregulatory control is associated with impaired cognitive and 
neuropsychological performance has been well-established (Awad et al., 2004). Interestingly, 
cognitive deficits in young adults with type 1 diabetes appear to be related to the number of 
hypoglycemic events experienced (Hershey, Craft, Bhargava, & White, 1997) and this 
observation extends strongly to T2D. Several studies have illustrated cognitive measurement 
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during a fasted state in individuals with glucose intolerance revealed significant decrements 
compared to age matched controls. However, the performance deficits were reduced after 
ingesting 50g of glucose (a fed state) (Kaplan, Greenwood, Winocur, & Wolever, 2000; Kaplan, 
Greenwood, Winocur, & Wolever, 2001). These effects were not due to fasting, as the patterns 
were not consistent with hypoglycemia and the effect of the ingested glucose load was dose-
dependent. 
These mechanisms help to clarify why metabolic disease negatively affects cognitive 
performance. A logical next line of inquiry is how these impairments affect the very behaviors, 
including physical activity, which can ameliorate both metabolic disease and cognitive decline. It 
has been established that physical activity is an effective way to control and ameliorate metabolic 
disease progression, yet it remains difficult for many individuals with T2D to be physically 
active. Whether executive function plays a role in physical activity adherence in T2D remains to 
be determined. 
Diabetes & Physical Activity 
The current body of knowledge emphasizes the importance of successful lifestyle 
modifications to reverse or prevent both cognitive and metabolic disease progression. Lifestyle 
intervention is crucial for prevention of T2D and delaying the progression and concomitant 
health consequences of T2D. Indeed first-line therapy for T2D is lifestyle modification (Grundy 
et al., 2005) as two main contributors to the development of these diseases are physical inactivity 
and poor diet (Aizawa et al. 2008; CDC, 2008). Lifestyle modification interventions can 
substantially improve trajectory of the disease course (Aizawa et al., 2008; CDC, 2008). 
However, adherence remains an issue.   
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Specifically, physical activity has been consistently associated with reductions of risk in 
developing diabetes and continued progression of metabolic disease (Jeon et al., 2007), as 
physical activity alone, with or without weight loss (Duncan et al., 2003), improves glucose 
tolerance and insulin sensitivity. Both in human and animal models, aerobic exercise results in 
marked improvements in whole body insulin sensitivity (Arciero, Vukovich, Holloszy, Racette, 
& Kohrt, 1999; Duncan et al., 2003; Luciano et al., 2002; Matos et al., 2010). Touati et al. (2011) 
reported that exercise reversed metabolic syndrome in high-fat diet-induced obese rats. Both 
exercise training and diet changes reduced adiposity, improved glucose and insulin levels and the 
lipid profile, and decreased hypertension. However, exercise was more effective, compared to 
caloric restriction, at improving plasma levels of biomarkers related to acetylcholine and insulin. 
Their findings illustrate that both exercise and diet can improve symptomology associated with 
metabolic syndrome and exercise produces these benefits with or without dietary modification. 
Additionally, Matos et al. (2010) showed that acute exercise ameliorates whole body insulin 
sensitivity in diabetic mice. Mice swam for two 3-hour periods with a 45 minute rest in between, 
which was followed, eight hours later, by an insulin tolerance test. Results showed an increase in 
the insulin-signaling pathway in skeletal muscle, increased GLUT4 membrane expression, and 
improved glucose disappearance rate in the diabetic mice who had exercised. These findings 
hold true in human research. The American College of Sports Medicine and the American 
Diabetes Association (2010) issued a joint statement on Exercise and Type 2 Diabetes, noting 
that physical activity and exercise causes increased glucose uptake into active muscles cells. 
Insulin-stimulated glucose uptake into skeletal muscle is the predominant mechanism at rest, 
which is impaired in T2D. However, during activity, muscle-contraction mediated glucose 
uptake via a separate, additive mechanism occurs (American College of Sports Medicine and 
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American Diabetes Association Joint Statement, 2010). Muscle-contraction mediated glucose 
uptake remains functional in T2D. Acute moderate-intensity aerobic exercise improves blood 
glucose and insulin action with a minimal risk of exercise-induced hypoglycemia. Moreover, 
acute physical activity can result in improvements in systemic insulin action lasting from 2 to 72 
hours.  
Chronic exercise training shows even more powerful results, because chronic physical 
activity improves insulin action, blood glucose control, and fat oxidation and storage. Chronic 
aerobic exercise training also may result in slight reductions in LDL cholesterol and systolic 
blood pressure. The disruption in lipid metabolism balance appears to be crucial in the 
development of insulin resistance (Cusi, 2009). Interventions, such as aerobic endurance 
exercise, which improve lipid homeostasis, appear to potentially reverse lipid-induced insulin 
resistance. Indeed, increasing lipid oxidation helps improve insulin sensitivity in skeletal muscle 
in high-fat fed rodents (Yaspelkis, et al., 2007) and obese humans (Goodpaster, Katsiaras, & 
Kelley, 2003). Finally, chronic exercise training is linked to increased weight loss and better 
weight management, which is independently associated with improvement in T2D status and 
symptomology (American College of Sports Medicine & American Diabetes Association Joint 
Statement, 2010). Exercise and weight loss combined appear to have the most substantial impact 
on insulin resistance (Cusi, 2009). However, it can be discouraging for individuals to exercise 
when weight loss is minimal to none. Duncan and colleagues (2003) concluded that even though 
weight loss is largely related to significant metabolic risk management, physical activity can 
improve glucose tolerance and insulin sensitivity in the absence of weight loss.  
Cardiorespiratory fitness and physical activity are clearly linked to lower risk of 
developing insulin resistance, obesity, cardiovascular disease, metabolic syndrome, and T2D 
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(LaMonte, Blair, & Church, 2005; Sui et al., 2007). Increased muscle mass and decreased fat 
tissue, as a result of physical activity, contribute to better glucose absorption (Awad et al., 2004). 
Increased muscle mass increases the number of muscle cells capable of contraction-mediated 
(and insulin-mediated) glucose uptake. Additionally, during exercise itself, skeletal muscle cells 
consume massive amounts of glucose. Moderate intensity exercise training combined with 
weight loss induces mitochondrial biogenesis, improved mitochondrial function, and increased 
size, which enables more ATP production. Moreover, there are multiple insulin signaling 
pathways at several levels, which improve with exercise training (Cusi, 2009). This, combined 
with other mechanisms of exercise to improve T2D disease status, makes a strong argument that 
physical activity is an essential and effective treatment for T2D. 
Many studies have examined aerobic exercise effects on glucose metabolism but recent 
research suggests that combined aerobic and anaerobic exercise is optimal for individuals with 
T2D (Church et al., 2010). Church and colleagues (2010) observed greater reductions in HbA1c 
levels with combined chronic aerobic and resistance training than with either aerobic or 
resistance training alone. Currently the American Diabetes Association (ADA) is recommending 
both regular aerobic and anaerobic exercise. The recommendations for aerobic training are: at 
least 3 days/week with no more than two consecutive days between bouts, at a moderate intensity 
of about 40-60% of maximal aerobic capacity, with duration summing to at least 150 
minutes/week. Resistance training should be done at least twice weekly on nonconsecutive days, 
at a moderate or vigorous intensity (50% of 1-RM or 75-80% of 1-RM), with at least 5-10 
exercises involving major muscle groups, and with 8-10 repetitions where at least one set of 
repetitions nears failure (American College of Sports Medicine & American Diabetes 
Association Joint Statement, 2010). 
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Despite evidence of the benefits of physical activity for health and ADA’s position that it 
is a cornerstone of treatment, epidemiological evidence suggests that most individuals with or at 
risk for T2D do not meet physical activity recommendations (Morrato, Hill, Wyatt, Ghushchyan, 
& Sullivan, 2007). A 2003 estimate reported that between 23% and 37% of adults with T2D 
were meeting the recommended levels of physical activity (Nwasuruba et al., 2007). Taylor et al. 
(2010) reported that 38% of individuals with prediabetes were meeting the recommended amount 
of physical activity. As of 2007, 48.8% of Americans were meeting the physical activity 
recommendations (CDC, 2007). Individuals affected by T2D are less physically active than their 
peers even though physical inactivity is a risk factor for further disease progression.  
Much research has been dedicated to developing techniques and interventions to help 
those with T2D be physically active and include the Diabetes Prevention Program (DPP), the 
Look AHEAD (Action for Health in Diabetes) Study, and the Healthy-Living Partnerships to 
Prevent Diabetes (HELP PD) Project. The DPP was a major multicenter clinical research trial 
examining whether weight loss with dietary changes and increased physical activity or treatment 
with oral diabetes drug metformin could prevent or delay the onset of T2D in study participants. 
The lifestyle group was trained in diet, physical activity, and behavior modification. The 
medication group took 850mg twice a day of metformin—a commonly prescribed diabetes 
medication. There was a third control placebo group. All participants were overweight with 
prediabetes. The DPP ended a year early due to the remarkable data. Those in the lifestyle group 
decreased their risk of developing T2D by 58%. Lifestyle changes worked particularly well for 
participants aged 60 and older, reducing their risk by 71 percent. The medication group saw 
lower, yet significant, risk reduction of 31%. Additionally, metformin was least effective in 
individuals aged 45 and older (http://diabetes.niddk.nih.gov/dm/pubs/preventionprogram/). The 
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impact of the DPP continues to grow as researchers and communities are building upon and 
delivering the intervention. 
The Look AHEAD trial was a multicenter randomized clinical trial comparing effects of 
an intensive lifestyle intervention versus diabetes support and education (control) on incidence of 
major CVD events in overweight and obese persons with T2D. Four-year results indicated that 
the lifestyle group lost ~6% more weight and improved cardiorespiratory fitness by about 11% 
more compared to the education group. HbA1c, diastolic blood pressure, levels of HDL 
cholesterol, and triglycerides also significantly improved in the lifestyle group. Conclusions 
suggest that an intensive lifestyle intervention can produce sustained metabolic improvements in 
overweight/obese individuals with T2D (Look AHEAD research group, 2010). 
The HELP PD project was a community based translation of the DPP. The DPP program 
was delivered through a diabetes education program and was delivered by community health 
workers, who were volunteers with well-controlled T2D. The primary outcome was mean fasting 
glucose over 12 months of follow-up, adjusting for baseline glucose. As was found in the DPP, 
the lifestyle intervention participant experienced significantly greater decreases in blood glucose, 
insulin, weight, and waist circumference compared to a control. The HELP PD program was a 
successful translation of the DPP into a community (Katula et al., 2011). 
These studies underscore the importance of lifestyle change and physical activity in 
preventing and managing T2D, especially when combined with aging. However, these studies 
were all structured, strict on-site programs, which devoted specific resources to ensuring 
program adherence. Effectiveness research is now warranted as the delivery of the DPP to every 
individual with T2D promises to be a costly endeavor. Examining determinants of behavioral 
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control in individuals with T2D may help the transition of the state of research from efficacy 
trials to translational lifestyle interventions.  
Physical Activity and Cognitive Function 
Prevention, delay or even reversal of symptoms related to T2D, can be achieved through 
lifestyle modification. Treatments that improve glycemic control attenuate cognitive impairments 
associated with metabolic disease (Awad et al., 2004). Physical activity and fitness are related to 
improved brain structure and function such as better cognitive performance and improvements in 
brain tissue integrity and volume.  
Much research has focused on physical activity, fitness and cognitive performance. 
Spirduso and Clifford (1978) examined differences between young and old athletes and 
sedentary individuals on simple choice, movement time tasks. The active/fit older adults 
performed significantly better than the sedentary older adults; in fact they were comparable to 
the sedentary young adults. Cognitive benefits from fitness were smaller in the young adults 
compared to the older adults. These results have been corroborated by other studies (Dustman, 
Emmerson, & Shearer, 1994; Etnier et al., 1997). 
 A meta-analysis conducted by Colcombe & Kramer (2003) examined fitness effects on 
cognitive function in older adults (55-80 years old). They examined longitudinal intervention (18 
studies from 1996 to 2001) effects of exercise on cognitive processes, including executive 
control tasks. Results indicated that control and intervention groups, collapsed from 18 studies, 
both improved over time on cognitive tasks. However, the improvement in the intervention 
exercise group was significantly greater compared to control. Executive processes displayed the 
greatest exercise-related effects, which were significantly greater than the effects on any other 
type of cognition. Exercisers also improved more than control subjects on controlled, spatial, and 
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speed tasks. Colcombe & Kramer concluded that fitness has strong, yet selective, beneficial 
effects for cognition.  
Chodzko-Zajko & Moore (1994) suggest that tasks requiring specific, effortful 
processing (tasks associated with the hippocampus and the frontal cortex) display greater fitness 
associated improvements compared to tasks consisting of automatic processing (tasks related to 
mid-brain or brainstem locations). Schneider and Shiffrin (1977) laid the foundation for this 
controlled-processing hypothesis by proposing a theory of skill acquisition in which as skills 
become more practiced they switch to automatic processing.  Kramer and colleagues (1999) 
demonstrate that improvements in fitness are related to enhancements in executive control 
processes such as coordination, inhibition, scheduling, planning, and working memory. These 
executive control tasks do not become automatic with practice yet consistently require mediation 
by a “central executor” (Colcombe & Kramer, 2003). Unfortunately, the brain areas that support 
executive control processes have been illustrated to be disproportionately sensitive to aging 
(Colcombe & Kramer, 2003) and metabolic disease (Awad et al., 2004; Bruehl et al., 2009; Gold 
et al., 2007; Ryan, 2005).  
In addition to effects of fitness, exercise itself, acute and chronic, appears to have 
beneficial effects on cognition (Angevaren, Aufdemkampe, Verhaar, Aleman & Vanhees, 2008; 
Etnier, Nowell, Landers, & Sibley 2006; Hillman, Erickson, & Kramer, 2008; Kramer & 
Erickson, 2007; Sibley & Etnier, 2003). Smith and colleagues’ (2010) meta-analytic review of 
aerobic exercise and neurocognitive performance analyzed twenty-nine randomized controlled 
exercise trials finding that individuals who received aerobic exercise training demonstrated 
modest improvements in attention and processing speed, executive function, and memory. The 
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effect size was much smaller compared to Colcombe and Kramer’s review largely due to the fact 
that the review inclusion criteria allowed for much younger samples.  
Chronic moderate-intensity aerobic exercise results in increased gray matter volume in 
the prefrontal cortex after 6 months of exercise (Colcombe et al., 2006) and increased 
hippocampal volume after one year of exercise (Erickson et al., 2011), compared to a non-
aerobic exercise attention control group. Weinstein and colleagues (2011) reported that 
prefrontal cortex volume mediated the relationship between cardiorespiratory fitness and 
executive functioning. 
Several mechanisms of the effect of physical activity on cognitive function have been 
explored yet the picture as a whole remains somewhat unclear. Exercise does appear to elicit a 
neuroprotective effect (Kinni et al., 2011). The precise mechanism of exercise-related 
neuroprotection remains unclear. However, one proposed mechanism involves the concept of 
exercise-training-associated increases in the body’s capacity to spare fuel, such as glucose, for 
cerebral use and to increase the efficiency of metabolism. Seifert and colleagues (2009) 
examined the cerebral metabolic response in exercise training and observed that post-training 
cerebral metabolism appeared to be attenuated in response to a submaximal test. More 
specifically, individuals post-training exhibited lower carbohydrate uptake and maintained 
cerebral oxygenation in response to submaximal exercise. Kinni and colleagues examined 
several proteins key to cerebral glucose uptake and metabolism, such as GLUT3 and PFK, in rats 
post exercise. GLUT3 protein translation and protein levels and those of PFK were increased 
after both of the exercise conditions compared to the control.  
Environmental factors are an important consideration in explaining the plethora of 
symptoms associated with the metabolic-cognitive syndrome. Important environmental factors, 
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such as physical inactivity, overfeeding, psychological stress, sleep deprivation, and high fat 
intake influence disease course and progression. These environmental mediators likely interact 
with genetic vulnerabilities (many of which remained undiscovered) (Hendrickx et al., 2005). 
The current literature on metabolic-cognitive syndrome suggests that lifestyle 
interventions emphasizing physical activity could have the potential to prevent, delay or 
ameliorate cognitive decrements. However, systematic examination of physical activity on 
metabolic-cognitive syndrome has yet to be conducted. 
Social Cognitive Theory & Physical Activity Behavior 
In light of the beneficial effects of physical activity in this population, regular physical 
activity is highly recommended. However, behavioral adherence is complex. Adoption of 
physical activity is a difficult task for many and attrition estimates are as high as 50% within the 
first six months (Dishman, 1982). Social Cognitive Theory (SCT; Bandura, 1986, 1997, 2004, 
2005) has been shown to be useful in explaining and predicting physical activity behavior. SCT’s 
constructs together predict behavior. Self-efficacy, the belief in one’s own capabilities to 
successfully carry out a course of action, is the core construct of SCT. Self-efficacy is an 
important determinant of effort expenditure, activity choice, and the degree of persistence an 
individual puts forth in the face of barriers or failure —all of which are integral in the sustained 
adoption of physical activity (McAuley & Blissmer, 2000). 
SCT (Bandura, 1986; 1997; 2004) specifies a core set of psychosocial determinants (i.e., 
self-efficacy, outcome expectations, self-regulation and goals, and sociocultural factors) for 
effectively understanding a broad range of health behaviors, including physical activity. SCT 
suggests that behavior change occurs through changes in motivation and self-regulation and 
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hypothesizes that self-efficacy, the central construct, has both direct and indirect influences on 
behavioral outcomes (Bandura, 2004). Specifically, within the SCT framework, behavior is 
viewed within a triadic, reciprocal paradigm where behavior, individual factors, and environment 
influence each other (see Figure 2). 
Most human behavior is determined by an interaction of factors, so individuals are 
contributors to, rather than the sole determiner of, events. These phenomena are grounded in the 
important concept of human agency. Agency refers to behavior done intentionally. Beliefs of 
personal efficacy and ability are key factors of human agency (Bandura, 1986). If people think 
they are incapable of producing certain results, it is more likely that they will not attempt to 
achieve those results. When beliefs in personal abilities are strong, self-influence brings about 
the desired results, assuming one has the motivation and the skills to carry out the behavior. This 
agency related causation relies on efficacy and cognitive self-regulation (Bandura, 1997). Thus 
cognitive and motivational elements of behavior may have direct and indirect effects on physical 
activity behavior.  
Each of the constructs within SCT, outcome expectations, sociostructural factors, 
goals/self-regulation, and self-efficacy, plays an important role in understanding, explaining, and 
predicting human behavior. Outcome expectations involve the cognitive anticipation of results 
from certain behaviors. In terms of physical activity, outcome expectations reflect beliefs that 
physical activity will bring about certain results (i.e. improved strength, weight loss, lower 
cardiovascular risk, sore muscles). Generally, people who believe that desired outcomes are 
determined by their behavior, such as physical activity, are much more likely to be engaged than 
those who have fatalistic perspectives. Thus, the controllability of outcomes is somewhat linked 
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to personal efficacy. Without self-efficacy, outcome expectations alone fail to consistently 
motivate behavior. 
Self-regulatory aspects of the SCT model involve behaviors such as goal-setting, self-
evaluation, self-rewarding, and self-monitoring. Self-regulatory strategies mediate the 
relationship between self-efficacy and physical activity (Dishman et al., 2005). Bandura (2005) 
states that health promotion should start with goals. Self-regulation is a construct within SCT 
that incorporates goal-setting, planning, self-monitoring, self-regulating, and self-rewarding. 
“Self-management is good medicine” (Bandura, 2005, p. 245).  However, health habits are not 
changed through willpower alone, but through self-management requiring motivational and self-
regulatory ability and skills. Self-management can be summarized with three general categories: 
1) self-monitoring of behavior and the cognitive condition under which one is engaged, 2) 
adoption of goals to guide efforts and strategies, and 3) self-reactive factors which include self-
motivating incentives and social support to sustain desired behavior (Bandura, 2005). Maes & 
Karoly (2005) conceptualize self-regulation as a triadic process by which individuals influence 
their own health habits. In their goal-guidance model, goal adoption enables self-directed 
change; implementation strategies help turn goals into productive action; and maintenance 
strategies help to sustain behavioral changes. Inherent in self-regulation theory is the assumption 
that cognitive factors are significant contributors to health behavior (Bandura, 2005).  
Most dominant models of individual self-regulation and health behavior neglect 
biological components and focus entirely on psychosocial variables. Neuroscience research 
suggests that there is a role for brain function in explaining behaviors that require active self-
regulation (Hall, Elias, & Crossley, 2006). There are several neuroscientific theories regarding 
self-regulation. One of the more commonly cited theories is the self-regulatory depletion model, 
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which posits that self-regulation is a limited resource and engagement in one domain of self-
regulation can indeed result in inability to self-regulate in another domain (a.k.a. self-regulatory 
depletion). A classic example is one that Wagner & Heatherton (2010) describe where expending 
energy on a difficult attention control task lead to subsequent poor emotional regulation. 
Individuals experienced one of two conditions on a cognitive task: 1) congruent Flanker and 2) 
incongruent Flanker. Then they were required to perform a task that required emotional 
regulation, such as interpersonal confrontation or denying a fresh tray of baked cookies. Those 
who completed the incongruent Flanker first did significantly worse on the subsequent emotional 
regulation task compared to those who did the congruent condition first.  
In other research, Wagner & Heatherton focus on the epitome of self-regulatory resource 
depletion: dieting. Functional MRI imaging was collected after varying individuals underwent 
three differing conditions while in the waiting area before the MRI: 1) dieters in the presence of 
a candy bowl, 2) dieters without the presence of a candy bowl, and 3) non-dieters in the presence 
of a candy bowl. The dieters in the presence of the candy bowl showed increased food cue 
activity in the nucleus accumbens. These results suggest that temptations are only resource 
depleting to the extent that people have the goal of resisting them. Furthermore, it suggests that 
goal-oriented behavior may be at higher risk of regulatory depletion than other behaviors. 
It is logical to next inquire what is the resource that is actually being depleted during self-
regulatory failure. Gailliot and colleagues (2007) suggest that the resource necessary in the self-
regulatory depletion model is glucose. Gold (1995) established that blood glucose influences 
cognitive performance, especially memory, in animal models. Self-regulatory tasks require 
adequate levels of circulating blood glucose. Jondies et al. (1997) found that local brain glucose 
metabolism increases as a task gets more difficult. Indeed blood glucose dysregulation is 
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associated with an array of cognitive impairments, both structural and behavioral (Awad et al., 
2004; Gold et al., 2007; Convit et al., 1997; Leibson et al., 1997; Hendrickx et al., 2005). 
Chronic hyperglycemia, indicating glucose remains in the blood unable to enter the cells for 
prolonged periods of time, contributes to structural pathologies such as white and gray matter 
atrophy, white matter lesions, increased hyperintensities, and higher ventricular volume as well 
as impairments in behavioral task performance.  
My colleagues and I recently discovered that  pre-testing blood glucose levels were 
associated with decrements in working memory performance in a small sample of middle- and 
older-adults (n= 60, Mage=61±7.9) with and without T2D. The results indicated that individuals 
with acute hyperglycemia performed worse on the working memory serial n-back task. The serial 
n-back task has three conditions. In the zero-back condition, participants identified the current 
shape. Subsequently, they identified whether the current shape was the same or different from 
the previous shape (one-back) or two shapes ago (two-back). In addition to a between subjects 
effect of blood glucose on n-back performance, an interaction between task accuracy and blood 
glucose emerged where individuals with initial hyperglycemia experienced a steeper decline in 
n-back accuracy. The pre-testing blood glucose level, while accounting for diabetes status, age 
gender, BMI and comorbidity, affected the slope of decline in working memory accuracy. These 
data suggest that acute hyperglycemia contributes to cognitive impairments beyond those 
associated with diabetes status. Glucose dysregulation may influence individual ability to sustain 
adequate memory function (Manuscript currently in review). Despite evidence that blood glucose 
impacts cognitive functioning, more research, specifically imaging studies, is required to clarify 
mechanisms of action. 
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Continuing to highlight the neuroscientific perspectives of self-regulatory capacity, self-
regulation is related to the “top-down” control of the prefrontal cortex on the midbrain and 
brainstem. Self-regulatory failure can be argued to involve disruption in the top down 
communication/control (Braver & Barch, 2002; Wagner & Heatherton, 2010). Such a failure 
could be due to decreases in the integrity of prefrontal cortex tissue or intra-cortex 
communication. Recent findings indicate that glucose dysregulation is associated with 
diminished integrity of the brain’s default mode network (Musen et al., 2012).  
Self-efficacy and self-regulatory strategy use have been consistently associated with 
physical activity behavior. Executive function and cognitive resource allocation have also been 
associated with physical activity behavior (McAuley, Mullen et al., 2011). It is important to note 
that self-regulatory strategies can require complex planning, evaluation, assessment and trouble-
shooting techniques. The neurocognitive literature incorporates a biological perspective by 
examining abilities to successfully perform tasks such as planning, decision-making, error 
correction, inhibition and troubleshooting (Stuss & Alexander, 2000). Bandura has proposed that 
SCT integrates this biological/cognitive perspective with motivational elements in self-regulated 
behavior (Bandura, 1997). Cognitive skills, specifically executive function, are necessary for 
self-regulation including planning, scheduling, inhibiting old habits, incentivizing, and 
implementation strategizing. 
Hall and colleagues (2008) demonstrated that unique variance in health behavior is 
predictable by accounting for individual differences in executive function and that executive 
function moderates the association between intentions and behavior. In a multiple study project, 
Hall and colleagues examine performance on a computer-based executive function task 
(Go/NoGo task) which was followed by a 1-week behavioral period of identifying intentions and 
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goals related to physical activity and dietary behavior. At the end of this week, participants were 
asked to report physical activity levels. A hierarchical linear regression revealed that both 
behavioral intention (goals) and the Go/NoGo reaction times predicted unique variance in 
physical activity after controlling for demographic variables. 
Data collected from a randomized controlled exercise trial by McAuley, Mullen and 
colleagues (2011) integrated the neuroscience and social cognitive perspectives as a way to 
approach understanding exercise adherence. They hypothesized that self-efficacy mediated the 
relationship between self-regulatory capacity and sustained exercise behavior. Older adults 
completed measures of executive function, self-reported self-regulatory strategy use, and self-
efficacy before and during a 12 month exercise intervention. Results suggested that some 
executive function measures and self-regulatory strategy use influences self-efficacy and 
consequently exercise adherence. Additionally, there were significant indirect effects of self-
regulatory strategy use and executive function, on program adherence through self-efficacy. 
Conclusions indicated that higher levels of executive function and self-regulatory strategy use at 
the start of an exercise program enhance beliefs in exercise capabilities which can lead to greater 
exercise adherence. These data have implications for both further development of interventions 
targeting exercise behavior and public health approach to physical activity. These data suggest 
that self-regulatory capacity, both social cognitive and neurocognitive, is key to long term 
physical activity, which influences strategies to improve physical activity adherence, especially 
in vulnerable populations such as older adults and individuals with cognitive impairments. 
Interventions that target both social cognitive constructs and neurocognitive abilities to increase 
self-regulatory capacity may prove to be beneficial for improving physical activity adherence. 
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Self-regulatory strategies and self-efficacy enhancement are particularly critical when 
behavior change is first adopted when cognitive processes and affective reactions are integral to 
success (Bandura, 2004). Overall, individuals who regularly engage in such strategies, such as 
self-regulation or time management, are likely to have higher perceptions of their own 
capabilities to engage in physical activity which improves long-term adherence. Additionally, 
individuals who are able to multi-task, remember accurately, and inhibit habitual behaviors (such 
as sedentary activities) may be more successful in adopting and maintaining physical activity 
(McAuley, Mullen  et al., 2011). 
As the development of glucose intolerance coincides with increasing cognitive 
impairments, the ability to use self-regulatory strategies may be compromised in populations 
experiencing T2D. Tasks dependent on the hippocampus and surrounding structures such as 
memory seem to be especially vulnerable to glycemic dysregulation (Convit, 2005). Also, 
declines in information processing speed have been associated with diabetes (Ryan, 2005).  
However, it remains unclear how these deficits may impact everyday functioning. The ability to 
successfully learn self-regulatory strategies may be compromised which in turn affects self-
efficacy, whereas successful learning and reinforcement may serve to enhance self-efficacy. The 
metabolic-cognitive constellation of symptoms may affect individual abilities to plan, persist, 
and self-regulate physical activity, which may contribute to the lower than average rates of 
adherence to physical activity levels in populations with metabolic disease. Teaching individuals 
at risk to effectively self-regulate physical activity behavior could be a powerful tool to improve 
exercise adherence and potentially ameliorate the disease course of T2D.  
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The Present Study 
Despite evidence of the benefits of physical activity for metabolic health, epidemiological 
evidence suggests that both individuals with metabolic disease and those at risk of developing 
metabolic disease do not meet physical activity recommendations. A 2003 estimate reported that 
between 23% and 37% of adults with T2D were meeting the recommended levels of physical 
activity (Nwasuruba, Khan, & Egede, 2007). Taylor et al. (2010) found in an analysis of physical 
activity and health-related quality of life in individuals with prediabetes that 38% of individuals 
with prediabetes were meeting the recommended amount of physical activity. As of 2007, 48.8% 
of Americans were meeting the physical activity recommendations (CDC, 2007). It appears that 
individuals at risk for developing T2D are less physically active than their average peers.  
The deleterious effects of impaired glucose tolerance and early stage T2D on cognitive 
function appear reversible. However, with aging and progression of the disease, cognitive 
deficits may be irreversible, especially as comorbidities develop (Awad et al., 2004).  Treatments 
that focus on glucose control may be extremely influential in ameliorating both metabolic and 
cognitive effects present in the metabolic-cognitive syndrome. 
The REWinD Trial examined how self-efficacy, self-regulatory strategy use and 
executive function influence physical activity behavior over time. The primary outcome was 
physical activity level at month six. Firstly, it was hypothesized that self-regulatory capacity 
(self-regulatory strategy use and executive function) would indirectly influence physical activity 
behavior through self-efficacy.  
It was hypothesized that self-efficacy and self-regulatory capacity would increase over 
the six-month study period and there would be intervention effects. It was hypothesized that 
improvement in self-efficacy and self-regulatory capacity would be related to physical activity. 
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Finally, it was hypothesized that the intervention group would adopt and maintain higher levels 
of physical activity over the course of the intervention and follow-up. 
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CHAPTER III: RESEARCH DESIGN AND METHODS 
Sample and Recruitment 
Individuals with T2D or metabolic syndrome within ages 50 to 75 years were recruited 
primarily from Champaign County (population 186,000) and Vermilion County (population 
81,625). Champaign County has an estimated 8.2% prevalence of diagnosed T2D and Vermilion 
County’s estimate is a prevalence rate of 8.6% (CDC, Diabetes Data and Trends). The area has 
some moderately sized urban/suburban areas (Champaign-Urbana, Decatur, and Danville), some 
smaller suburban areas and rural residential areas. Recruitment was heaviest in the Champaign-
Urbana area. Participants were recruited via print, internet, email, physician/diabetes educator, 
and direct mailing advertisement. Recruitment partners included diabetes educators, physicians, 
and the clinical research division at Carle Clinic. Carle additionally sent approximately 2,000 
direct mail letters to patients with T2D over the age of 50 years. The study was advertised as an 
opportunity for older adults with T2D to participate in a free exercise-centered health program 
and contribute to science. Interested individuals contacted us via phone or email. There was a 
drawing at the end of the study for four (two per group) $50 gift certificates to Amazon.com for 
participant appreciation. 
Exclusionary/Inclusionary Criteria. The eligibility requirements included a diagnosis of 
T2D or metabolic syndrome, aged 50-75 years, and low-active (defined as participating in 
regular exercise fewer than two days/week). Exclusionary criteria included: 1) failure of 
physician to provide medical approval for participation; 2) an inability to communicate in 
English; 3) involvement in another physical activity study; 4) leisure time physical activity more 
than 2x/week; and 5) failure to pass the Telephone Interview for Cognitive Status (TICS-M). 
32 
 
Gender and Minority Inclusion. Minority recruitment was emphasized for two reasons: 
1) metabolic disease unequally affects minorities and 2) Central Illinois has a relatively low 
minority population. The goal was to recruit higher numbers of African Americans and Latinos 
than exist in the population.  This sample includes 13.8% African American (12.7% in 
Champaign County), 2.4% Asian-Americans (9.4% in Champaign County), and 1.6% Latino 
(5.5% in Champaign County). Recruitment efforts were successful in reaching African 
Americans but were not as successful with Asian-Americans and Latinos. 
Experimental Design 
Study design was a two-armed randomized controlled exercise trial developed for 
individuals with T2D and metabolic syndrome. The intervention period was 8 weeks long with a 
four month follow-up; testing time-points were at baseline, month two, and month six.  
Additionally, self-efficacy was assessed at week two of the intervention. The intervention group 
received a targeted theory-driven, exercise behavior change intervention while the other group 
received a control condition by completing an online educational program about health, physical 
activity and T2D. The primary outcome was physical activity at month six. Neurocognitive 
evidence suggests that at least four months of physical activity is required to observe cognitive 
responses due to chronic physical activity (Colcombe & Kramer, 2003), so improvements in 
executive function were anticipated at month six. 
The exercise intervention consisted of two main components: on-site and at-home. The 
on-site intervention involved four group workshops and on-site walking exercise. The group 
workshop content emphasized self-regulatory skill development and building self-efficacy. The 
exercise intervention was formatted in a titrated manner. The frequency of on-site exercise 
sessions decreased as the intervention period progressed with the goal of gradually teaching 
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participants to incorporate regular exercise into their daily life at home. Participants gradually 
built up to five 30+ minute bouts (150+ minutes) of exercise per week. Figure 3 illustrates 
exercise intervention content. Participants were taught to use a simple 5-point Likert scale for 
rating their perceived exertion—with ‘1’ indicating very light and ‘5’ working very hard. Their 
exercise prescription included ranges for target RPE starting around 2-3 in the first week and 
building to 3 -5. Participants were also taught how to use home logs as a self-monitoring tool.  
The education group completed an eight-week online course covering topics related to 
general metabolic health: glucose; insulin; weight management; food and nutrition; physical 
activity; diabetic complications and eye, kidney, and foot care; stress management; and healthy 
aging. Each module contained educational videos and readings, a discussion question, and a 
weekly assignment. After study completion, education participants were offered a 
complimentary exercise consultation with an exercise specialist.  
Measures 
Health History and Baseline Demographics. Each participant completed a standard 
health history questionnaire.  All current medications, including insulin, were recorded. 
Participants also completed a basic demographics form including age, gender/sex, income, 
education, race and ethnicity, marital status, etc.  
Mental Status. As noted previously, the Telephone Interview of Cognitive Status (TICS-
M) was used to screen for dementia and Alzheimer’s disease. The TICS-M is a brief, 13 item 
questionnaire that can be delivered over the phone and screens for cognitive impairment. The 
TICS-M is less constrained by ceiling effect compared to the MMSE, thereby increasing utility. 
The maximum score on the TICS-M is 39 with a score below 21 being equivalent to a score 
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below 25 on the Mini Mental Status Examination. Individuals with scores of 21 and above were 
eligible to participate (de Jager, Budge, and Clarke, 2003). 
Physical Activity. Physical activity was measured objectively via accelerometry at all 
three time-points.  The Actigraph accelerometer (GT3X) is a small device which records 
movement in three dimensions. Participants were instructed to wear the activity monitor fastened 
with a belt provided on their non-dominant hip. Participants were instructed to wear the 
accelerometer during all waking hours, except for bathing or swimming, for seven full days. 
Participants recorded time and days the accelerometer was worn on a home log, which was used 
to verify wear-time. The activity data were checked for long periods of non-wear time (0’s) and 
were validated with the criteria of: 1) at least 10 hours of wear time per day (Masse et al., 2005), 
2) at least 3 days of valid data, and 3) a 60-minute interruption period (Copeland, 2009; Mailey 
et al., 2014). If there were more than 20,000 counts per minute the data were considered 
inaccurate (Masse et al., 2005). Activity data were collected in one-minute intervals (epochs), 
with the total number of counts for each day summed and divided by the number of days of 
monitoring to calculate average daily activity. Freedson cut-points for older adults were used to 
estimate time spent in sedentary, light, and moderate to vigorous physical activity (Freedson, 
Melanson, and Sirand, 1998). The software used for analyzing the accelerometer data was 
ActiLife 5.2 and Meterplus.  
Activity was also recorded by intervention group participants in home activity logs. The 
outcome measure from the physical activity logs is minutes of activity per week. These self-
reported data were collected during the 8 week intervention. 
Metabolic Measures. Blood samples were collected at each time-point. All university 
and biohazard policies were strictly followed concerning safety, containment, sterilization of the 
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environment, disposal of equipment, and transportation of samples. Blood was drawn between 
0700 and 0900 after a 10-12 hour overnight fast. Strict adherence to the schedule was enforced in 
order to avoid diurnal variation or other interfering factors. 
Glucose regulation was measured to assess the efficacy of the intervention in improving 
metabolic parameters. Blood was tested for fasting glucose, fasting insulin, and glycosylated 
hemoglobin (HbA1c), which gives an idea of the extent of glucose dysregulation over time. The 
fasting blood glucose measurement was obtained directly after the blood draw with a glucometer. 
Samples, both intact and spun, were sent to the Translational Research Center on campus for 
HbA1c and insulin analyses. Additionally, the phlebotomist drew two extra tubes (3ml each), 
which was spun, aliquoted into serum and plasma samples, and frozen. Those samples are 
available for further analyses. The homeostatic model assessment (HOMA) was used to estimate 
insulin resistance from fasting glucose and insulin. 
Anthropometric Measures. Height and weight was measured and BMI was calculated. 
Waist and hip circumferences were measured to calculate waist-to-hip circumference ratio as an 
estimation of abdominal obesity. Resting blood pressure and heart rate were also measured.  
Neurocognitive Measures. Following the recommendations of Miyake et al. (2000), 
multiple measures of executive function were used to determine individual contributions of 
different processes. Specific measures were included to assess types of functioning that have 
been identified as vulnerable to metabolic disease, such as memory and prefrontal function. 
Computer-based and paper-and-pencil tasks were utilized. 
Stroop. A modified Stroop task, a measure of attention and inhibition, (Erickson et al., 
2007; Milhalm et al., 2002) consists of three trial types: congruent, neutral, and incongruent. The 
congruent condition contained words displayed in a color that matches the word of the stimuli 
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(e.g. BLUE in blue color) whereas the neutral condition contained words that were matched for 
the length and frequency of the color of the stimuli but not a color category (e.g. SHIP in blue 
color). The incongruent stimuli presented words which were in presented in a different color than 
the written word (e.g. BLUE in red color). The task of the participant was to identify the color 
the word was presented in. There were 48 trials of each condition randomly presented summing 
to a total of 144 trials. Participants were presented with different ordering of the trials at each 
time-point. Stimuli were presented upon response to previous trial so speed of task completion 
was dependent upon reaction time. Outcome variables included reaction times, accuracy and 
errors. A traditional interference cost variable was calculated by subtracting congruent from 
incongruent trials. 
Trail Making Test. The Trail-making Test (Reitan, 1958, 1992) is a paper and pencil task 
designed to examine neurocognitive processes such as planning and switching. The task 
consisted of two parts: A and B. In part A, participants connected circles according to the 
number written within from 1 to 25, as quickly and accurately as possible. For part B, the circles 
contain numbers 1 to 13 and letters A to L. The participant’s task was to connect the circles in 
sequential order alternating between numbers and letters. The Trail Making Test requires 
immediate recognition and reaction to the symbolic significance of numbers and letters, the 
ability to scan the page continuously, and flexibility in integrating the alpha-numerical sequence. 
The left hemisphere is largely responsible for language and symbols while the right hemisphere 
is more responsible for spatial orientation. The speed and efficiency of completing this task 
requires integration of both cerebral hemispheres and may reflect general adequacy of brain 
function.  
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A 5-trail variant of the trail making test, the Comprehensive Trail-Making Test (CTMT; 
Reynolds, 2002) was used. The first three trails were trail type A with varying degrees of 
difficulty determined by the number and placement of non-relevant circles. In the fourth trail 
test, some of the numbers were presented in word form and some in numeral form. The fifth and 
final trail test was trail B, which required alternating between numbers and letters. A cost score, 
reflecting cost of cognitive flexibility require for trail B (Salthouse et al., 2000), was calculated 
by subtracting average time taken to complete trails 1-3 (A) from trail 5 (B). 
Flanker. A modified flanker paradigm task, where participants identified the orientation 
of a central arrow cue that is flanked by congruent (e.g. >>>>>) or incongruent (e.g. >><>>) 
arrows, was used to measure attention and inhibition. Participants responded to a row of arrows 
presented on the screen by pressing the key on the right side if the middle arrow pointed to the 
right or the key on the left side if the middle arrow pointed to the left. Half of the total trials (n = 
100) were congruent and half were incongruent. This task tests ability to focus on relevant 
stimuli and ignore irrelevant stimuli, in other words inhibition. Proportional cost was calculated 
by subtracting congruent reaction time from incongruent reaction time and then dividing by 
congruent reaction time (Botvinick et al., 1999; Voss et al, 2010).  
N-Back. A modified serial n-back task involving three consecutive phases was used. Each 
phase required the participants to discriminate between 5 distinct shapes: blue circles, green 
triangles, purple stars, red squares, and yellow crosses as the stimuli. In the first phase (0-back), 
participants were instructed to respond as quickly and accurately as possible with a right button 
press when the yellow cross appeared and with a left button press when any other shape 
appeared. In the 1-back and 2-back phases, participants were instructed to respond with a right 
button press if the current shape was the same as the previous trial (for the 1-back) or two trials 
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ago (for the 2-back). If the current shape was different, participants responded with a left button 
press. Each consecutive condition had 80, 79, and 78 trials, respectively. Accuracy and reaction 
time were measured and inverse efficiency (reaction time/proportion correct responses) 
calculated. Hits and correct reject trials were also identified to enable future secondary analyses 
using signal detection theory.  
Spatial Working Memory. Spatial working memory was measured by average reaction 
time across three sets of a task developed by Greenwood and colleagues (2005). Participants 
were asked to focus on a crosshair for one second, after which one, two, or three grey dots 
appeared randomly on the screen for 500ms. Following this stimulus the crosshair re-appeared 
for a period of three seconds. Next, a red dot appeared on the screen in either one of the same 
locations as the previous black target dots (match condition) or at a different location (non-match 
condition). The participant had two seconds to determine whether the stimulus was a match or 
non-match by pressing one of two keys on the response pad. There were 40 trials of each of the 
conditions. Outcome variables included accuracy, reaction time, standard deviation of reaction 
times, errors and inverse efficiency for each condition (1-, 2-, and 3-dot) and overall. 
Dual Task. Dual Task is a measure of task coordination (Bherer et al., 2005; Erickson et 
al., 2007). Two conditions were presented in which participants responded to one (single task) or 
two (dual task) stimuli. The single task trials involved the presentation of either a single letter (A 
or B) or number (2 or 3) stimulus whereas the dual task trials presented two stimuli, a letter and a 
number. Participants were instructed to press a corresponding key to each stimulus (A, B, 2, 3). 
In the dual condition, participants responded by pressing two corresponding keys. Outcome 
variables include single and dual reaction times and accuracies. A cost variable was calculated 
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by subtracting the single reaction time from the average of the dual reaction times. Accuracy cost 
was calculated with the following equation: 1 – dual response accuracy. 
Psychosocial Assessments. Participants completed a questionnaire battery assessing self-
efficacy and self-regulatory strategy use. 
Self-efficacy. Several aspects of physical activity related self-efficacy were assessed. The 
Barriers-specific Self-Efficacy Scale (BARSE; McAuley, 1992), a 13-item questionnaire that 
measures beliefs in one’s own abilities to exercise in the face of various types of barriers such as 
discouragement or bad weather, was used. Walking self-efficacy was measured relative to ability 
to 1) walk for a specific duration of time (40+ minutes) for the next month, two months, three 
months etc. (EXSE); 2) walk continuously at a fast pace for 5 minutes, 10 minutes, 15 minutes, 
etc. (SEW); and to adhere to regular (~5 days/week) walking exercise (LSE) (McAuley et al., 
2009).  All self-efficacy items were presented on a continuum from 0 to 100 with 0 representing 
“not confident at all” in personal ability to complete the task and 100 representing “completely 
confident” to complete the task. BARSE, SEW, LSE and EXSE showed excellent internal 
reliability (α = .96, .98, .99, .98 respectively). 
Self-regulatory strategy usage. Self-regulatory strategy use specific to physical activity 
was measured by the 12-item Physical Activity Self-Regulation scale (PASR-12; Umstattd, 
Motl, Wilcox, Saunders, and Watford, 2009). Its subscales include the following domains: self-
monitoring, goal setting, eliciting social support, reinforcement, time management, and relapse 
prevention. International consistency for subscales ranged from α = .72 to .92. 
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Procedures 
Individuals responding to study advertisements were screened by telephone for all 
qualifying criteria, including the TICS-M. If individuals met all inclusionary criteria and 
remained interested in participation after hearing an explanation of the study and participation 
requirements, they were scheduled for an orientation and mailed a copy of the Institutional 
Review Board approved informed consent, a map to the research facilities, orientation 
documents and paperwork to be completed to acquire physician consent to participate. At the 
orientation, a power-point presentation explained the study goals and what participation entailed. 
Each individual was asked if they had read and understand the informed consent they were sent. 
If they had not had time to read it, another copy was provided to them and time given to read it 
and ask any questions. After a full explanation of the study and all questions had been addressed, 
participants were asked to sign the informed consent document and fill out a brief health history. 
Permission to contact their physician was obtained and they were scheduled for the baseline 
testing visits. Participants were also given an accelerometer to wear and a questionnaire packet to 
complete. Study research assistants facilitated obtaining physician approval to participate by 
contacting the doctors and faxing the appropriate documents, after collecting participant 
permission to do so. Physician consent was obtained before randomization. 
The three testing visits included: 1) blood draw, 2) functional fitness testing and 3) 
neuropsychological testing. For the blood draw, participants were asked to fast overnight and 
scheduled to come between 7-9am. Water, juice, and fiber bars were provided for participants to 
consume after the blood draw.  Functional fitness testing was completed on-site in the Exercise 
Psychology Lab at a separate time from the blood draw to ensure people were well-rested and 
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not-fasting. Anthropometric measures, including height and weight, blood pressure, resting heart 
rate, and waist/hip circumferences were collected at this visit. 
All cognitive testing was scheduled in two-hour blocks and took place in a quiet, well-lit 
room in the main section of the Exercise Psychology Laboratory. Noise cancelling headphones 
and water were also provided. Each task was explained thoroughly with a practice run to assure 
understanding. STIM software was used for the Flanker, N-back, Stroop and Spatial Working 
Memory tasks. E-prime software was used for the Dual Task. The Trail Making Task was 
conducted with paper, pencil and a stopwatch. The order of the tasks was consistent for all 
participants and time-points. However each computer task had three run files with different trial 
order which were randomly counterbalanced across the three time-points. The accelerometer and 
questionnaire packet were collected at the cognitive testing visit. If participants had not finished 
wearing the accelerometer, they were given a stamped envelope to mail it back. 
 After all baseline data had been collected, participants were randomized into the exercise 
intervention or education group. Participants were notified by email and telephone as to group 
placement and the exercise intervention participants were sent schedules for the on-site walking 
and group workshop dates, times and locations. Five waves of 20-30 people were conducted to 
ensure appropriate group workshop size. For waves 2, 3 and 5, two group workshop times were 
scheduled per wave to accommodate participant schedules. The time of the on-site walking 
varied by wave to accommodate participant schedules and preferences. Waves 1, 2, 3, and 5 had 
morning sessions and waves 2 and 4 had evening sessions.  
During week two, an additional, abbreviated questionnaire packet with self-efficacy 
measures was collected, in person from intervention participants and by mail from education 
participants. After the 8-week intervention period, all testing procedures were repeated. Again, 
42 
 
the same procedures were followed at month 6 testing. At the end of all data collection, the 
participants received personal results from the study and there was a drawing for 4 Amazon gift 
certificates, two to each group, valued at $50 for participant appreciation. Program evaluations 
were sent to participants at month two to evaluate participant satisfaction and gather 
suggestions/comments. 
Data Analysis 
Power Analysis. Initial sample size was based on: (a) data from previous estimations of 
change in physical activity across time (McAuley et al., 2000) using social cognitive predictors 
and (b) the expectation that subjects would be lost to attrition across the time of study. With the 
initial plan to retain 70 participants from a proposed 80, estimated power would have been 
sufficient, in excess of .90 to detect a conservative effect (i.e., small to medium changes in 
variation (.02 - .15)) in the primary outcome measure, physical activity, across time. Overall, it 
was proposed that a sample size of n = 80 would provide adequate statistical power for the 
proposed analyses. Moreover, this project was in nature a pilot study; therefore a smaller sample 
size was appropriate. 
Quality Control and Data Checking. Data were entered and checked by trained research 
assistants. The quality of data was checked for missing and erroneous data by examining 
descriptive statistics and score ranges of all variables. Subsequently, all data were examined for 
violation of basic statistical assumptions (i.e., normality, multicollinearity, and homoscedascity) 
and transformed if necessary. 
Data Analyses. Data were checked for missing items, normality, outliers and errors. 
Descriptive analysis of the data was generated. Independent t-test was used to examine whether 
significant mean differences existed in demographic, health, physical activity, cognitive, and 
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self-regulatory strategy use between groups at all time-points. The self-regulatory self-efficacy 
model of behavior was analyzed with a path analysis using a covariance framework (objective 
1).  
Analyses pertaining to the first objective were conducted within a latent variable 
framework using Mplus statistical software package (version 6.0) with robust maximum 
likelihood estimation (Muthén & Muthén, 2010). Model fit was evaluated using multiple criteria 
[e.g. significant p value associated with χ2, comparative fit index (CFI) ≥ .95, and the root mean 
square error of approximation (RMSEA) ≤ .08] (Hu & Bentler, 1999). Measurement models 
were assessed for the latent constructs before they were entered into a theoretical structural 
model. The following variables were used as covariates: age, gender, income, and group. 
A series of repeated measures ANOVAs was used to detect changes over time in: FBG, 
HbA1c, insulin resistance, self-efficacy, self-regulatory strategy use and cognitive performance 
(objective 2). Interactions and main effects were examined and effect sizes calculated. When 
baseline values differed by group, analysis of covariance (ANCOVA) was used to control for 
baseline values. Correlational statistics and multivariate regression analysis were used to explore 
predictors and determinants of change in main variables.  
To test the efficacy of the REWinD intervention in increasing physical activity, compared 
to the education control condition, repeated measures analysis of variance was utilized. A 2 
(condition) by 3 (time) repeated measures analysis of variance was used to determine whether 
the intervention was effective in increasing physical activity. Month 6 was the time-point of 
interest for physical activity. The analyses of all data associated with this study employed an 
intent-to-treat model, comparing the intervention to the education control group.  
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CHAPTER IV: RESULTS 
Participant Characteristics and Retention 
 Baseline characteristics of the 116 participants who started the trial are displayed in Table 
1. On average, participants were 62.8 ± 6.4 years old. The average HbA1c level at baseline was 
7.11 ± 1.4. The generally used HbA1c diagnostic criterion for T2D is 6.5%. Average BMI was in 
the obese category with a value of 35.8 ± 6.4. About two-thirds of the sample were taking oral 
medications for diabetes, such as Metformin or Glyburide, and approximately a quarter of the 
sample was taking injectable insulin, such as Humalog or Lantus. The majority of the sample 
was female (64.7%), White (81.0%), and college graduates (54.8%). There were no significant 
differences between groups on any of the baseline demographic or disease variables. However, 
for BMI and HbA1c the exercise group trended towards higher values (p = .08). The majority (n 
= 99, 85.3%) of participants had been diagnosed with T2D; a small proportion (n = 17, 14.6%) 
had been diagnosed with metabolic syndrome.  
A total of 308 individuals initially expressed interest in the study. Of these, 75 individuals 
were not eligible to participate and 108 individuals declined participation (total excluded n = 
183). The remaining individuals (n = 125) attended an orientation, signed an informed consent, 
completed baseline testing, and were randomized. Nine individuals were unable to be contacted 
with randomization (n = 3), refused randomization (n = 2), or experienced new personal or 
family issues (n = 4) which prevented participation. A total of 116 individuals were randomized 
and started the trial. At post-intervention testing, 13 individuals were lost to follow up due to the 
following reasons: unable to contact (n =3), uninterested (n =2), new illness/diagnoses (n = 3), 
existing illness (n = 4), and family issues (n = 1). At the final, follow-up time-point (month six), 
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11 additional individuals were lost to follow-up due to the following reasons: unable to contact 
(n = 8), uninterested (n = 2), and existing illness (n =1). Overall, 24 people (20.6% of the initial 
116 starting the program) were lost to follow-up and 92 individuals completed all three testing 
time-points (see Figure 4 for the CONSORT diagram). 
 Exercise intervention group adherence was sufficient. Mean group attendance was 81.4% 
and mean exercise attendance was 85.9%. Intervention participants completed exercise logs of 
their on-site and at-home exercise (n = 51 from those who completed intervention). Data from 
the exercise logs revealed that the average weekly time spent exercising was 158 ± 62.2 minutes. 
The percentage of missing data increased across the 8-week period as some individuals opted to 
discontinue the intervention but were still willing to come back for follow-up testing. Therefore 
the weekly means from the exercise logs represent the most adherent participants. Consequently, 
exercise log data were not used in analyses (see Table 2 for exercise log data missingness, 
weekly means and standard deviations). 
Education group adherence was more difficult to track as analytics for individual website 
visits were not programmed. However, participant engagement in the discussion questions 
ranged from 27% to 62%. This is certainly an under-estimate due to the fact that participants 
reported two common reasons for not posting on the discussion board: 1) privacy concerns and 
2) technological difficulty. Module views ranged from 112 views on Week 8 Module to 377 
views on Week 1. In general, there was a trend towards less website engagement over the 8-week 
course. Table 3 provides an overview of education group website engagement. 
 A series of independent t-tests was used to determine whether participants who 
completed the study differed from those who dropped out following randomization on any 
demographic or baseline measures. Analyses revealed that participants who completed the trial 
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had higher income (t(117)=2.73, p<.05), lower BMI (t(123)=-2.94, p<.01), and lower 
glycosylated hemoglobin (t(123)=-2.14, p<.05). For the main analyses the sample (n = 116) who 
started the intervention was used. 
Objective 1: Self-Regulatory Capacity & Physical Activity Model Results 
A series of confirmatory factor analyses of each latent measure was first conducted to 
assess factor structure of latent constructs. Self-efficacy was represented by 1) BARSE, 2) LSE, 
3) SEW and 4) EXSE. Self-regulatory strategy use was represented by the six subscales of the 
scale. Memory cost was represented by 1) one-dot spatial working memory inverse efficiency, 2) 
two-dot spatial working memory inverse efficiency, 3) three-dot spatial working memory inverse 
efficiency, 4) one-back inverse efficiency and 5) two-back inverse efficiency. Cognitive 
flexibility cost was represented by 1) dual task cost and 2) trail making task cost. Models for each 
of the latent constructs with four or more manifest variables fit the data well: self-efficacy (χ² = 
91.647(6), p < .01, CFI = .981, RMSEA = .088, SRMR = .024), self-regulatory strategy use (χ² = 
282.272(15), p < .01, CFI = .989, RMSEA = .054, SRMR = .033), and memory cost (χ² = 
151.743(10), p < .01, CFI = .988, RMSEA = .055, SRMR = .052). The primary outcome of 
physical activity at month 6 was minutes of moderate to vigorous physical activity per day as 
measured by accelerometry. Baseline assessments included executive function and self-
regulatory strategy use and self-efficacy was assessed at week 2 of the program. After 
confirming that the full measurement model, including all of the latent constructs, fit the data 
well (χ² = 1108.476(171), p < .01, CFI = .964, RMSEA = .046, SRMR = .075), testing of the 
hypothesized structural model was conducted.  
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 Initially, a model (Model 1) with memory cost as the sole executive function construct 
was tested. Age, gender, group and income were included as covariates. Model 1 fit the data well 
(χ² = 200.779(147), p < .01, CFI = .948, RMSEA = .057, SRMR = .067). Consistent with 
hypotheses, there were significant direct effects of self-efficacy on physical activity, with 
marginal significance (β = .15, p = .09). Self-regulatory strategy use directly predicted both self-
efficacy (β = .28, p < .05) and physical activity at month six (β = .21, p < .05). Baseline 
executive function was correlated with self-regulatory strategy use such that memory cost was 
negatively associated with self-regulatory strategy use (β = -.36, p < .01). There were several 
significant associations among the auxiliary covariates and model constructs. Older age was 
significantly associated with higher self-efficacy (β = .24, p < .05), more self-regulatory strategy 
use (β = .17, p < .05), higher memory cost (β = .19, p < .05) and less physical activity (β = -.22, p 
< .05). Lower income was also significantly associated with higher memory cost (β = -.47, p < 
.01). Being male was associated with higher physical activity (β = .27, p < .01). Exercise group 
assignment was associated with higher self-efficacy (β = -.35, p < .01; exercise group coded as 
‘1’, education coded as ‘2’) and increased physical activity at month six (β = -.22, p < .05). An 
indirect effect from exercise group to physical activity via self-efficacy was marginally 
significant (β = -.06, p = .08). Overall, this model predicted 28.4% of the variance in physical 
activity and 31.2% of the variance in self-efficacy (see Figure 5). 
Considering the relationship between both memory and cognitive flexibility and T2D, 
another structural model including cognitive flexibility cost as an additional cognitive latent 
construct was tested. Again, the data fit the model well (χ² = 231.272(178), p < .01, CFI = .951, 
RMSEA = .052, SRMR = .065). Self-efficacy (β = .16, p = .07) and self-regulatory strategy use 
(β = .21 p < .05) directly predicted physical activity. Self-regulatory strategy use directly 
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predicted self-efficacy (β = .28, p < .01). Memory cost (β = -.33, p < .01) and cognitive 
flexibility cost (β = -.17, p = .06) both negatively correlated with self-regulatory strategy use and 
positively with each other (β = .45, p < .01).   
Again, older age was associated with higher efficacy (β = .23, p < .05), more self-
regulatory strategy use (β = .17, p < .05), higher memory cost (β = .19, p < .01), and lower levels 
of physical activity at month six (β = -.22, p < .05). Being male (β = .35, p < .01) and having 
lower income (β = -.32, p < .05) were associated with higher cognitive flexibility cost. Being 
male was also associated with higher physical activity at month six (β = .25, p < .05). Lower 
income was also associated with higher memory cost (β = -.47, p < .01). Group itself had only a 
marginal effect on physical activity (β = -.14, p = .08) but being in the intervention group 
predicted higher self-efficacy (β = -.36, p < .01). Again group marginally predicted physical 
activity via self-efficacy (β = -.06, p = .07). Model 2 predicted 32.3% of the variance in physical 
activity and 28.9% of the variance in self-efficacy (see Figure 6). 
Due to power constraints with the addition of any further latent executive function 
variables, the final model was tested with executive function as manifest variables, including the 
following: dual task cost, n-back one inverse efficiency, trail making test cost, Stroop 
interference cost, and flanker proportional cost. The use of manifest, compared to latent, 
executive function variables increased statistical power, which allowed for the addition of 
baseline physical activity as an auxiliary covariate. The data fit the model (Model 3) well (χ² = 
178.357(144), p < .05, CFI = .946, RMSEA = .046, SRMR = .067). Self-regulatory strategy use 
directly predicted self-efficacy (β = .26, p < .05), which in turn directly predicted physical 
activity (β = .18, p < .05). N-back inverse efficiency directly predicted self-efficacy (β = -.14, p < 
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.05) and trended towards predicting physical activity indirectly through self-efficacy (β = -.03, p 
= .11). Dual task cost
*
  (β = -.13, p < .05); trail making test cost (β = -.14, p < .05); Stroop 
interference cost
*
 (β = -.11, p < .05); and flanker proportional cost, with marginal significance (β 
= -.18, p = .07) directly predicted physical activity at month six. 
Older age was associated with higher efficacy (β = .28, p < .05), more self-regulatory 
strategy use (β = .24, p < .05), higher trail making test cost (β = .21, p < .01), and higher Stroop 
proportional cost (β = .18, p < .05) but was not associated with lower levels of physical activity 
at month six. Being male was associated with higher dual task cost (β = .37, p < .01) and n-back 
inverse efficiency (β = .20, p < .05), but was not associated with physical activity at month six. 
Having lower income was also associated with higher dual task cost (β = -.24, p < .05) and 
higher trail making test cost (β = -21, p < .05). Group itself had only a marginal effect on 
physical activity (β = -.10, p = .09) but being in the intervention group predicted higher self-
efficacy (β = -.35, p < .01) and indirectly predicted physical activity through self-efficacy (β = -
.06, p < .05). Higher baseline physical activity was associated with more self-regulatory strategy 
use (β = .25, p < .05), lower dual task cost (β = -.17, p < .05), lower n-back inverse efficiency 
cost (β = -.28, p < .01), and lower Stroop interference cost (β = -.18, p < .01). Baseline physical 
activity additionally predicted approximately 23% of the variance in physical activity at month 
six (β = .59, p < .01). Model 3 predicted 32.9% of the variance in self-efficacy and 56.7% of the 
variance in physical activity (see Figure 7). 
                                                          
*
 Exhibited statistical suppression effects in the Mplus output where relationships initially 
appeared positive. Further investigation revealed negative directionality in the correlation matrix. 
Suppression effect occurs when inverse path relationships between auxiliary variables and 
inverse path relationship between manifest variable and outcome variable cancel each other out 
to result in a spurious positive relationship (MacKinnon, Krull, & Lockwood, 2000). 
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Objective 2: Changes in Cognitive Function, Self-Regulatory Strategy Use, Self-efficacy, & 
Metabolic Parameters By Group 
 There were no group effects on any of the cognitive function variables. Several cognitive 
variables indicated time effects where performance increased slightly across the study period: 
Stroop reaction time interference cost [F(1,91) = 5.251, p < .05, η2 = .055], flanker accuracy 
proportional cost [F(2,90) = 4.756, p < .05, η2 = .096], two-back inverse efficiency [F(2,88) = 
15.158, p < .01, η2 = .254], and three-dot spatial working memory inverse efficiency [F(2,90) = 
4.077, p < .05, η2 = .083]. None of these time effects remained significant with the addition of 
age, gender, and income as covariates. Flanker reaction time proportional cost, dual task cost, 
zero-back inverse efficiency, one-back inverse efficiency, Stroop accuracy interference cost, 
one-dot spatial working memory inverse efficiency, and two-dot spatial working memory inverse 
efficiency showed no changes.  
 Repeated measures analysis of variance in self-regulatory strategy use revealed both time 
[F(2,88) = 29.127, p < .001, η2 = .40] and group by time [F(2,88 ) = 14.021, p < .001, η2 = .24] 
effects. The time by group interaction was quadratic in nature [F(12,77 ) = 7.517, p < .05, η2 = 
.54] such that self-regulatory strategy use increased substantially in the exercise group at month 
two and then declined slightly at month six. Self-regulatory strategy use in the education group 
trended towards a slight increase at month six (p = .09). Figure 8 shows trajectories of self-
regulatory strategy use by group. Table 4 displays short- and long-term intervention effects on 
self-regulatory strategy use. 
 Trajectories of self-efficacy across the trial period showed significant group by time 
differences. An overall repeated measure MANOVA (2 x 4) with SEW, LSE, BARSE, and 
EXSE representing self-efficacy revealed both a significant time effect [F(12,77 ) = 7.517, p < 
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.001, η2 = .539] and group by time effect [F(12,77 ) = 2.322, p < .05, η2 = .266]. Subsequently, 
each efficacy measure was analyzed separately using repeated measures analysis of variance 
(Figure 9). Additionally, a series of within group paired t-tests was used to determine short- and 
long-term intervention effects and calculate effect sizes for each efficacy measure (see Table 5).  
 The trajectory of SEW showed a quadratic pattern by time and group [F(1,88 ) = 5.864, p 
< .05, η2 = .06], where the exercise group increased more from baseline to week two, continued 
to increase to month two and, despite a small decline, remained higher compared to the 
education group at month six. As baseline values were higher in the intervention group (p < .05), 
a series of ANCOVAs was conducted controlling for SEW baseline value. Results indicated 
significant effects of group at week two [F(1,16.512 ) = 6.992, p < .05, η2 = .30], month two 
[F(1,13.388) = 22.622, p < .01, η2 = .63], and month six [F(1,10.482) = 13.804, p < .01, η2 = .57] 
(see Figure 9 for graphs of SEW trajectory and SEW trajectory adjusted for baseline).  
 Trajectories of LSE differed by group [F(3,86) = 3.323, p < .05, η2 = .10]. Analysis of 
covariance (controlling for baseline values) indicated group differences at week two, month two, 
and month six, favoring increases over time in the intervention group. LSE linearly declined in 
the education group. In the exercise group, LSE increased from baseline to month two and then 
declined at month six to baseline value.  
 For BARSE, results from the repeated measures ANOVA revealed significant time 
[F(3,86) = 11.525, p < .01, η2 = .29], and time by group effects [F(3,86) = 2.732, p < .05, η2 = 
.05]. The time by group interaction indicated a linear trajectory with marginal significance 
[F(1,88) = 3.748, p = .06, η2 = .04]. Further examination of these results revealed similar patterns 
in both groups but a larger increase in the intervention group by week two followed by a gradual 
decrease compared to the education group; baseline values for BARSE did not differ by group.  
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 EXSE showed a significant time effect [F(3,86) = 5.297, p < .01, η2 = .16] and a 
marginally significant cubic group effect [F(1,88) = 3.437, p = .06, η2 = .06]. EXSE values in the 
exercise group were higher at baseline (p < .05), week two (p < .01), month two (p < .01), and 
month six (p < .01). Because of baseline differences, a series of ANCOVAs was conducted to 
estimate intervention effect while controlling for baseline values of EXSE. Results indicated no 
significant contribution of group at week two and month six. At month two, the group by 
efficacy interaction was trending towards significance with the exercise condition displaying 
higher efficacy values [F(11,53) = 1.714, p = .09, η2 = .26] (see Figure 9, Table 5).  
 Analysis of trajectories of glycosylated hemoglobin (HbA1c) by group indicated an 
earlier effect than anticipated, which was not sustained. Overall, repeated measures analysis of 
variance indicated neither a time nor time by group effect. However, within-subjects analyses 
revealed a small quadratic group effect on HbA1c trajectory [F(1,90) = 4.222, p < .05, η2 = .05]. 
As HbA1c was higher in the exercise group at baseline (p < .05), a series of ANCOVAs 
controlling for baseline HbA1c were conducted (see Figure 10). Within group paired t-tests 
revealed a slight decrease in HbA1c in the intervention group at month two, which was not 
sustained at month six. Estimation of insulin resistance using the HOMA ratio of fasting glucose 
and insulin showed no change across time. Fasting blood glucose decreased over time with no 
group effect [F(2,88) = 3.817, p < .05, η2 = .08] (see Figure 11). 
 The final prediction of hypothesis two was that improvements observed in the 
intervention group would be related to changes in physical activity. Change in minutes of MVPA 
per day (accelerometer) from baseline to post-intervention significantly correlated with self-
efficacy and strategy use at month two and month six (see Table 7 for partial correlation results). 
A series of regression analyses, controlling for age, gender and income, and baseline value 
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revealed that change in physical activity across the intervention period (accelerometer minutes of 
MVPA/day) significantly contributed to self-efficacy (see Table 8) and self-regulatory strategy 
use (see Table 9) at month two and month six. None of the physical activity variables predicted 
HbA1c at post-intervention or follow-up testing. However, in the intervention group, attendance 
was correlated with change in HbA1c from baseline to post-intervention (r = .334, p <.05) such 
that those who had higher attendance had higher decreases in HbA1c. 
Objective 3: Efficacy of the Intervention in Increasing Physical Activity 
 The third objective was to determine if a short, theory-driven physical activity 
intervention would increase physical activity levels in older adults with T2D. The hypothesis that 
increases in physical activity would be observed post-intervention and sustained at follow-up in 
the intervention group compared to the education control was partially supported. The results 
from the repeated measures (2 x 3) ANOVA predicting trajectory of minutes of moderate-to-
vigorous physical activity per day measured by accelerometer indicated an overall time by 
condition interaction [F(2,83) = 5.777, p < .05, η2 = .12] while controlling for age, gender, and 
income. Within subjects analysis revealed similar results [F(1.644,138.08) = 7.428, p < .01, η2 = 
.08] (using Greenhouse-Geisser estimation, as the dependent variable was not normally 
distributed). Further evaluation of these results revealed a quadratic trajectory for the 
accelerometer by group interaction [F(1,84) = 9.206, p < .01, η2 = .10] where a large increase 
was observed at month two, in the exercise group, followed by a decline at month six. On 
average, intervention participants increased from approximately 9 minutes per day of moderate-
to-vigorous physical activity to 19 minutes a day at month two declining to 11 minutes a day at 
month six. On average, education participants maintained activity level around 7 minutes per day 
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across all time-points (see Figure 12). Activity level by group was significantly different at 
month two and month six (see Table 9 for means and effect sizes by group and time-point).  
Participant Program Evaluation 
 Participant program evaluations revealed that the majority of participants were satisfied 
with their experience. In the education group (n = 36), 27.8% were very satisfied, 55.6% were 
satisfied, and 16.7% were neither satisfied nor dissatisfied with the overall program. In the 
exercise group (n = 43), 67.4% were very satisfied, 30.2% were satisfied, and 2.3% were neither 
satisfied nor dissatisfied with the overall program. The most highly rated aspect of participation 
for both groups was the “REWinD Team”. The lowest rated aspect of participation was “Testing 
Experience”. Intervention participants indicated that encouragement (32.4%), social 
reinforcement (10.8%), on-site exercise (29.7%) and the group workshops (10.8%) were the 
most helpful intervention components and parking (5.3%) and paperwork/testing (31.6%) were 
the least helpful components. Education participants mentioned the videos (13.5%) and course 
content (56.8%) as the most helpful components and being alone (2.7%), already knowing the 
material (10.8%), and testing (13.5%) as the least helpful. All of the intervention participants 
said they would recommend REWinD to a friend. Of the education participants, 68.6% said they 
would definitely recommend REWinD to a friend and 28.6% said they might recommend 
REWinD to a friend. In the process evaluation, participants mentioned that they believed the 
REWinD intervention was too short and titrated too quickly to allow for substantial behavior 
change. Their feedback is useful information for the adjustment of the REWinD intervention in 
future research.  
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CHAPTER V: DISCUSSION 
Overview of Findings 
 This pilot study proposed to test a model of physical activity adherence that incorporated 
both social cognitive and neurocognitive perspectives of physical activity behavior in older 
adults with T2D. Overall, the results provide some support for the hypothesis that self-efficacy, 
self-regulatory strategy use and specific executive functions are determinants of physical activity 
in older adults with T2D. These findings are important given the cognitive impairments 
associated with T2D and the high self-regulatory demands of the disease. Self-regulatory failure 
has been implicated in many societal and health issues (Bauer & Baumeister, 2011) and self-
management is crucial to the maintenance of health (Bandura, 2005). A better understanding of 
self-regulatory capacity is crucial to explaining, predicting, and influencing health behavior. 
Older adults with T2D have low levels of physical activity despite the known health 
benefits. The REWinD Trial results provide some preliminary insight as to why physical activity 
adherence may be more difficult in this population, underscoring the importance of integrating 
neurocognitive and social cognitive perspectives in behavioral interventions. This pilot study 
also provides evidence that a short, 8-week physical activity intervention leads to small 
improvements in physical activity levels in older adults with T2D both post-intervention and four 
months later, compared to an education control group. These findings warrant a true efficacy trial 
to test whether effects can be replicated. 
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Objective 1: Self-Regulatory Capacity Model of Physical Activity 
 The primary hypothesis was partially confirmed by the data. The proposed model 
integrated social cognitive and neurocognitive perspectives of physical activity behavior. 
Theoretically, self-regulatory capacity encompasses both the outward skills or strategies and the 
underlying cognitive processes involved in self-control. From a social cognitive perspective, 
self-regulatory strategy use involves the ability to effectively utilize a variety of strategies such 
as goal-setting, self-monitoring, rewards, intention implementations, and relapse prevention. 
From a neurocognitive perspective, regulation integrates a complex interaction between regions 
of the prefrontal cortex and other brain structures such as the anterior cingulate cortex, 
hippocampus, amygdala, and parietal lobes. Together, self-regulatory capacity involves cognitive 
control and a developed arsenal of self-regulatory strategies.  
As the understanding of the connection between T2D and specific executive functions is 
still unclear, these analyses were exploratory in nature to determine specific aspects of executive 
function that may contribute to physical activity behavior. Memory deficits appear to occur first 
in disease progression; the proposed self-regulatory adherence model was tested first with 
memory as the sole latent cognitive function construct. This model suggests that memory 
function was directly related to self-regulatory strategy use, which in turn was related to both 
self-efficacy and physical activity.  
Memory cost was inversely related to self-regulatory strategy use, supporting the 
theoretical cognitive underpinnings of self-regulatory strategy use. Largely, the working memory 
literature from cognitive psychology and the psychological literature on self-regulation have 
failed to overlap. More recently, some research has integrated perspectives. Hofmann and 
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colleagues (2011) argue that the mechanisms underlying working memory are fundamentally 
related to those involved in self-regulatory goal pursuit. Active and accurate representation of 
goal-relevant information is essential to successfully accomplishing personal goals. Goals 
involve a mental representation of the desired end state and, often, a representation of the means 
by which to achieve them (Kruglanski et al., 2002; Miller & Cohen, 2001). Without a clear 
representation of the goal, attempts at self-regulation are directionless and prone to failure. Self-
monitoring may also be dependent on working memory as it involves regular context-relevant, 
flexible updating of goal-representations. Future research on memory function in older adults 
with T2D would benefit from including tasks of prospective memory as remembering glucose 
testing and medication administration at the appropriate time is crucial for disease control. 
Being in the intervention group significantly predicted increased self-efficacy, starting at 
week two, and physical activity six months later. This is not surprising given the social cognitive 
nature of the intervention and the literature establishing self-efficacy as an important construct 
for behavior change (Bandura, 2004; McAuley & Blissmer, 2000). Additionally, it is an 
encouraging finding as building self-efficacy may be more feasible than remediating disease- or 
age-related impairments in cognitive function. Self-efficacy is a consistent determinant of 
physical activity behavior and is especially important during the early adoption phase of 
behavior change. Not only does self-efficacy for physical activity predict physical activity but it 
is affected by past physical activity experiences. These data support previous findings that 
exposure to exercise programs increases efficacy (McAuley & Blissmer, 2000). The reciprocal 
relationship of physical activity and self-efficacy is evident in the results from REWinD. At the 
beginning of the program, intervention participants were introduced to physical activity in a 
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supervised, encouraging environment. The exercise group experience led to higher self-efficacy 
levels two weeks later and higher physical activity six months later. 
In the second model, an additional executive function construct related to T2D, cognitive 
flexibility, was included. The dual and trail making tasks measure participant ability to switch 
between mental sets and be flexible in performing simultaneous functions. With the addition of 
cognitive flexibility to the model, relationships among model constructs remained relatively 
similar. The model indicated associations among memory, cognitive flexibility and self-
regulatory strategy use. Being in the intervention group significantly predicted higher levels of 
self-efficacy and indirectly predicted physical activity through self-efficacy. Theories of self-
regulatory capacity indicate that impairments in cognitive flexibility may significantly disrupt 
individual ability to self-regulate at a conscious, goal-directed level. Executive functions serve a 
critical higher-level role in behavior regulation and act as a primary mechanism of effortful self-
control.  
The hypothesized model is only partially supported by these two models. Despite 
associations among memory and cognitive flexibility with self-regulatory strategy use, the latent 
cognitive function variables did not directly, or indirectly, predict self-efficacy or physical 
activity. However, these models indicate that specific types of executive function (i.e., working 
memory and cognitive flexibility) were associated with greater use of self-regulatory strategies. 
Due to the temporal positioning of executive function and self-regulatory strategy use at 
baseline, it is impossible to determine directionality from these data. It is possible that 
individuals with high working memory and flexibility function were naturally inclined towards 
self-regulatory activities such as goal-setting, planning, and incentivizing. However, it could also 
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be that self-regulatory behaviors, or engagement in activities that require self-regulatory strategy 
use (such as work or physical activity), may improve, or sustain, brain function in older 
adulthood. 
 Due to sample size issues resulting in model non-convergence with the addition of any 
more latent constructs, manifest variables of executive function measures were used in a final 
model to incorporate inhibition-related tasks in addition to memory and flexibility. Switching to 
manifest variables also allowed for enough statistical power to include baseline physical activity 
as a covariate.  
The final model indicated that executive function tasks relating to inhibition and 
flexibility directly predicted physical activity six months later. Memory performance predicted 
self-efficacy at week two and trended towards an indirect effect on physical activity through self-
efficacy. The addition of baseline physical activity to the final model is important to consider. As 
it has been established that physical activity influences various executive functions, it is 
important to control for previous physical activity in the modeling of cognitive effect on physical 
activity adherence. Baseline physical activity alone accounted for over twenty percent of the 
variance in physical activity at month six, which indicates that the amount of variance in physical 
activity accounted for by self-regulatory strategy use, self-efficacy and executive function is 
similar to the previous models. As expected, baseline physical activity was also associated with 
several of the executive function tasks. This model suggests that, while controlling for baseline 
physical activity levels, specific executive functions directly predict physical activity adherence 
in older adults with T2D. These results underscore the importance of integrating both 
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motivational and cognitive aspects of behavior change as determinants of physical activity and as 
sources of self-efficacy information.  
The final model, again, only partially supports the hypothesized self-regulatory physical 
activity adherence model. While these analyses were based on McAuley and colleagues (2011) 
integration of social cognitive and neurocognitive perspectives of physical activity behavior, 
several differences must be noted. The originally hypothesized model predicted that executive 
function and self-regulatory strategy use would predict physical activity indirectly through self-
efficacy. Results indicated that of the executive function manifest variables, only working 
memory operated through self-efficacy, while the other tasks directly predicted physical activity. 
Several differences in study design may have contributed to these model dissimilarities. 
McAuley, Mullen and colleagues (2011) examined adherence in a sample of healthy older adults, 
all of whom received a physical activity intervention, over the course of twelve months. In the 
REWinD Trial, only half of the participants received a physical activity intervention. Given the 
group effect on self-efficacy, one could theorize that possibly the role of self-efficacy is more 
prominent in individuals who are actively involved in physical activity behavior change. Social 
cognitive theory presents efficacy information as specifically important during the adoption 
phase of behavior change. The fact that half of the sample in REWinD was not attempting 
physical activity behavior change could account for some of the model incongruences compared 
to McAuley’s findings. Another possible explanation is that results from REWinD indicate 
shorter term adherence, with the primary physical activity outcome at month six, compared to 
McAuley and colleagues’ trial which examined physical activity behavior over the course of an 
entire year. The study population presents a final possible explanation for the observed direct 
effects of executive function on physical activity. Executive function may be a more important 
61 
 
determinant of physical activity adherence in populations who experience marked cognitive 
impairments. It is impossible to support this hypothesis from these data, as there was no 
comparison group of non-diabetics. Statistical power is also limited in the REWinD trial, which 
may have made the detection of subtle, indirect effects more difficult. 
These results provide some preliminary evidence that physical activity adherence may be 
more difficult for populations, such as older adults with T2D, who experience cognitive 
impairments. Naturally, more systematic research is necessary to establish these findings and 
develop interventions specifically targeting social cognitive constructs and executive function. 
Findings from this pilot trial do support the integration of neurocognitive and social-cognitive 
paradigms of behavior—that biological and cognitive perspectives are crucial to understanding 
self-regulated behavior (Bandura, 1997). 
Objective 2: Trajectories of Social Cognitive and Health Variables across Time 
 Contrary to hypotheses, there were no intervention effects on executive function 
variables. However, results indicated slight improvements in some of the executive function 
measures, which most likely reflect practice effects. The hypothesis that executive function 
would show improvements in the intervention group at month six was ambitious considering the 
fact that this trial was designed to test adherence to physical activity, rather than the impact of 
regular physical activity on cognitive functioning. It is likely that the dose of aerobic exercise 
during the study period was too low and variable to result in changes in executive functioning. 
Unfortunately, it is impossible to make conclusions from these data about whether physical 
activity could be a viable intervention for remediation of the metabolic-cognitive syndrome.  
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 As hypothesized, self-regulatory strategy use increased in the intervention group at month 
two and, despite some declines at month six, remained higher compared to the education group. 
Self-regulatory strategy use is crucial to adherence of goal-directed behavior. Behavior change, 
such as starting physical activity, is inherently goal-directed and cannot rely on habitual 
responses but instead must involve the development and use of self-regulatory skills (Bandura, 
2005). Although self-regulatory strategy use among intervention participants declined at month 
six, they indicated that they still used these skills significantly more at the follow-up compared to 
baseline. These findings are as expected given the group workshop content emphasized goal-
setting, planning, home log completion, reinforcement, and relapse prevention.  
The intervention had its strongest effects on self-efficacy. The intervention group 
experienced higher self-efficacy, compared to the education group, in all four types of efficacy 
assessed with walking self-efficacy showing the largest group effect.  The largest increase in 
walking self-efficacy was observed at week two of the intervention, when intervention 
participants had not yet started walking on their own. At the start of a program, participants can 
experience a boost of encouragement, motivation, and confidence. Walking self-efficacy 
increased between baseline and month two which was followed by a small decline at month six. 
Comparatively, walking self-efficacy did not change in the education group across the study 
period.  The walking self-efficacy results from this pilot trial mirror those from McAuley, Mailey 
and colleagues (2011), who found that walking self-efficacy increased at the beginning of a 
physical activity program and then exhibited slight declines six months later. Considering the 
contribution of past experience to self-efficacy ideation, the on-site walking component of the 
behavioral intervention was likely crucial to the increase in walking self-efficacy. 
63 
 
The results from the remaining three self-efficacy measures were not quite as strong but 
remained in favor of the intervention group. Exercise self-efficacy increased in both groups at 
week two. In the intervention group, exercise self-efficacy continued to increase to month two 
and then declined during the follow-up period. The fact that the intervention group started with 
higher levels of exercise self-efficacy makes the results more difficult to interrupt. However, 
after controlling for baseline values, efficacy remained significantly higher in the intervention 
group post-intervention. Exercise self-efficacy levels for both groups at follow-up were not 
significantly different from baseline levels.  
In the case of barriers efficacy, efficacy beliefs peaked at week two. At week two, the 
intervention participants were still benefiting from social support and social modeling from their 
cohort and research staff and had yet to attempt exercise independently. Barriers self-efficacy 
declined thereafter, presumably due to participants experiencing more barriers as they started 
integrating physical activity into their lives without the structured on-site program. When 
required to exercise independently, and then subsequently losing contact with the research team, 
efficacy decreased. Despite declines in self-efficacy by month six, efficacy levels in the 
intervention group were higher than those in the education group at month six. For lifestyle self-
efficacy, the exercise group maintained levels of efficacy beliefs while the education group 
showed linearly declines in efficacy. It appears that participation in a physical activity 
intervention mitigated declining lifestyle self-efficacy. Overall, these data suggest that being in 
the intervention group had significant, positive effects on self-efficacy.  
Participating in physical activity interventions does not guarantee improvements in 
exercise self-efficacy (Hughes et al., 2004; McAuley et al., 2003; Moore et al., 2006). Indeed, 
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McAuley and Mihalko (1998) suggest that sedentary older adults may not have enough salient 
experience to accurately formulate beliefs of exercise self-efficacy which may explain declines 
in self-efficacy during program participation. McAuley, Mailey and colleagues (2011) found 
support for this hypothesis such that older adults appeared to overestimate exercise efficacy 
before starting a physical activity program, which was followed by a lower efficacy adjustment 
three weeks later after actual exposure to regular physical activity. Contrary to those findings, 
these data indicate an increase in efficacy in the physical activity group at week two. It is 
possible that assessing efficacy at week two was too early for the excitement of a new program 
to have faded. In addition, the REWinD trial differed in nature from the trial in McAuley and 
colleagues’ research. The emphasis on learning self-regulatory strategies and boosting self-
efficacy in the REWinD group workshops may have been factors related to observed increases in 
self-efficacy. 
Despite the primary purpose of this study being the examination of the effects of self-
regulatory capacity on physical activity behavior, the second part of objective two was to 
determine whether effects from the intervention on physical activity influenced trajectories of 
self-efficacy and self-regulation. The hypothesis that physical activity would predict 
improvements in both self-regulatory strategy use and self-efficacy was supported. Change in 
physical activity from baseline to post-intervention predicted self-regulation and self-efficacy at 
post-intervention and follow-up. Given that past experience is a source of self-efficacy 
information, participating in a supportive physical activity program could be expected to boost 
self-efficacy for physical activity. The finding that physical activity increased self-regulatory 
strategy use is not surprising, but is important given the central role of self-regulatory capacity in 
behavioral control. It is possible that effects of physical activity on self-regulatory capacity could 
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operate through: 1) the impact of physical activity on brain structure and function and 2) practice 
effects of physical activity-related self-regulatory strategy use. These findings question 
directionality. The reciprocal relationship between self-efficacy and physical activity has been 
previously discussed. However, the directionality of the relationship between physical activity 
and self-regulatory capacity remains somewhat unclear. It may be that self-regulatory capacity is 
both a determinant and consequence of regular physical activity behavior.  
It was also hypothesized that metabolic parameters, such as glycosylated hemoglobin, 
fasting blood glucose, and insulin resistance would show physical activity-related improvements 
at six month in the intervention group. This hypothesis was partially supported, but earlier than 
anticipated. The intervention group showed a small decline in HbA1c at month two. Some 
intervention participants experienced marked improvements in HbA1c over the intervention 
period. Anecdotally, a handful of participants reported lower HbA1c levels than they had seen in 
over five years. These results were somewhat surprising considering that HbA1c is an estimate 
of chronic blood glucose over the last three months. The contraction-mediated glucose uptake 
involved in physical activity is effective at lowering blood glucose, even in the presence of 
insulin resistance. Recently, Umpierre and colleagues (2011) conducted a review assessing 
efficacy of physical activity and exercise RCTs in decreasing glycosylated hemoglobin in adults 
with T2D. Structured exercise training, whether aerobic, anaerobic, or both, was associated with 
-.67% weight mean difference in HbA1c compared to control condition. Although the 
intervention effect observed from REWinD was smaller, the intervention period, at eight weeks, 
was at least three weeks shorter than any of the previously conducted exercise/physical activity 
trials targeting metabolic health, which averaged around approximately 30 weeks in program 
duration. Umpierre and colleagues’ meta-analytic review indicated that structured exercise or 
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physical activity programs were more effective in decreasing HbA1c than programs focused on 
physical activity education and advice.  The results presented herein corroborate those findings 
as the education participants, who received advice and education about physical activity, did not 
experience any mean changes in HbA1c. Moreover, intervention program attendance 
significantly correlated with change in HbA1c such that those who attended more on-site 
walking sessions and group workshops experienced more decline in HbA1c. However, the small 
magnitude of decrease may be within the error range of the assays. 
However, intervention effect on HbA1c dissipated by month six.  The increase in HbA1c 
in the intervention group to baseline levels at month six may be related to insufficient length of 
the intervention or to lower volume of physical activity during the study follow-up period. These 
results indicate that physical activity program participation may have effects on HbA1c earlier 
than previously thought. The fact that change in HbA1c did not correlate with change in physical 
activity warrants caution in the interpretation of the small group effect on HbA1c at month two. 
There were no time or group effects on insulin resistance, which is likely due to the high 
variance involved in HOMA estimation of insulin resistance. Fasting blood glucose exhibited 
only a time effect within a general downward trajectory. It is possible that the decline in fasting 
blood glucose over time is due to drop-out as seven participants dropped out at month two and 
one at month six due to new or existing illness (that may have been related to diabetes). 
However, blood glucose is highly variable and considered an inaccurate and inconsistent stand-
alone measure for metabolic health. 
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Objective 3: Intervention Effects on Physical Activity 
 The hypothesis that the intervention would be effective at increasing physical activity 
levels was partially supported by the data. The accelerometer results indicated intervention 
participants more than doubled minutes/day spent in moderate-to-vigorous physical activity by 
month two. However, intervention group physical activity declined from month two to month 
six. The intervention was successful at increasing physical activity both at month two and at 
month six, compared to the education control. It was not successful at maintaining gains in 
physical activity from month two to month six. These results suggest that the REWinD 
intervention may not be effective in increasing long-term physical activity adherence. The 
intervention period may have been too short for long-lasting behavior change to occur. Adoption 
of new complex behaviors, such as physical activity, can take as long as six months before more 
habitual, automatic mechanisms sustain the behavior. Additionally, the quick withdrawal of 
communication with the research team, by week eight, may have been too fast for some 
participants. It would be beneficial to test the inclusion of follow-up support, maybe through 
phone-calls or social media, in future testing of the REWinD intervention.  
However, these findings are encouraging given the brevity of the intervention compared 
to trials such as the Diabetes Prevention Program and the Look AHEAD. These data support the 
idea that a brief, titrated intervention can increase short-term physical activity adherence in older 
adults with T2D.  
Strengths and Limitations  
This study has a number of strengths. First, it was a randomized controlled exercise trial; 
the first to consider cognitive function as a determinant of physical activity adherence in older 
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adults with T2D. The topic of this study is critical to public health as older adults are the fastest 
growing segment of the population and metabolic disease is extremely common in older-
adulthood with the potential to result in considerable personal, family, and societal burden. The 
REWinD pilot trial was also the shortest physical activity intervention to-date, that we are aware 
of, in older adults with T2D. Results indicated that a brief physical activity program was 
successful in eliciting small increases physical activity four months later. This study presents a 
potentially effective lifestyle intervention for older adults with T2D that requires fewer resources 
compared to larger diabetes trials previously conducted. The titrated, intervention design may be 
more feasible for public health, medical, or community health professionals to replicate. 
Considering the sample population, retention was satisfactory, with 88.8% completing 
post-intervention testing and 79.3% completing the six-month follow-up testing. Attendance to 
group workshops and on-site exercise was very high in those participants who completed the 
intervention period.  
The use of objective neuropsychological and physical activity measures strengthens this 
research. Some of the previous research in T2D has relied on cognitive measures that are in 
nature screening tools, such as the Mini Mental State Exam, or tested cognitive function in only 
one neuropsychological domain. Additionally, the use of accelerometry allows study conclusions 
about the intervention efficacy to be objective.  
The limitations of the present study must also be acknowledged. The study sample was 
fairly homogeneous, particularly in regard to socioeconomic status. Over half of the participants 
were college graduates with nearly a quarter having an advanced degree. The majority (67.2%) 
indicated that their annual household income was above $40K. Unfortunately, > $40K was the 
highest income category so it is impossible to further dissect the spread of participant income. 
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However, income was included in all of the analyses as a covariate because of the skewed nature 
of the sample population. The sample was not diverse considering ethnicity; however, the 
percentage of participants who were African American (13.8%) was higher than the county 
population percentage (which was 12.7% in 2012). The percentage of Asians in the sample was 
low, partially due to the low percentage representation in Champaign County (5%) and partially 
due to low rates of T2D in Asians compared to Whites or African Americans. The fact that 
speaking English fluently was an inclusion criterion for study participation resulted in lower 
reach to Latino and Hispanic individuals. Future research would warrant testing this intervention 
in Spanish in order to reach more of the Latino/Hispanic population who are disproportionately 
affected by T2D. Additionally, analyses revealed that participants who completed the trial had 
higher income, lower BMI, and lower glycosylated hemoglobin compared to those who dropped 
out. Individuals who participate in on-site trials, such as REWinD, tend to be healthier and have 
more resources (enabling them to drive to campus, etc.) compared to the general population. 
These findings underscore the importance of future research with increased reach. However, 
REWinD was a pilot, efficacy study in nature.  
The education control group presents a study limitation. An education group provides a 
better comparison than usual care but was not a true attentional control given that education 
participants did not interact with each other or with the study team as much as the exercise 
intervention group did. Therefore, caution in interpreting comparative results is warranted.  
The estimation of insulin resistance by the homeostasis model assessment (HOMA) 
equation resulted in lower power and high variance. Some of the data could not be included in 
the HOMA equation because the fasting insulin or glucose values were outside the acceptable 
range for the HOMA modeling. Because of the wide variability in fasting blood levels of both 
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glucose and insulin—depending on diurnal variation, liver function, length of time fasting, etc.—
the calculated insulin resistance values showed high variability making conclusions more 
difficult. Future research would benefit from a standardized insulin resistance testing such as a 
hyperinsulinemic euglycemic clamp test. 
The sample size was relatively small, given the covariance modeling analyses conducted. 
The models with latent executive function constructs were limited in power. This prevented us 
from analyzing the data with another latent cognitive variable such as inhibition. The additional 
model analysis with executive function as manifest variables enabled the addition of baseline 
physical activity as an auxiliary covariate, however, the sample size remained too small to 
examine all of the relationships of the manifest executive function variables with self-regulatory 
strategy use. Moreover, statistical power would be insufficient to replicate analyses separately by 
group, which may be helpful considering group was a significant covariate in the models. The 
fact that all participants in the study were diagnosed with metabolic disease makes comparison of 
the findings to healthy older adults impossible. Comparison of these models to a sample without 
diabetes would allow for clearer conclusions about this specific population.  
Future Directions 
 As the REWinD Trial was a pilot exploratory trial, much future research is warranted. 
First of all, a true efficacy trial is needed to test whether the intervention program works. A true 
attentional control is necessary to test the efficacy of the REWinD intervention. Most of the 
physical activity interventions in older adults with T2D have used usual care or education classes 
as control conditions. The Diabetes Prevention Program (DPP) compared a lifestyle modification 
group (diet and physical activity) to oral medication and medication placebo groups. The DPP 
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established that lifestyle modification is viable as prevention against and treatment for T2D but 
by nature was not an adherence trial and therefore did not test mechanisms of adherence to 
lifestyle modification. Church and colleagues (2010) is one of the only studies that used a true 
attentional control. They compared modes of physical activity, aerobic, resistance training, and 
both, to a stretching control group. Again, the purpose of the research was unrelated to physical 
activity adherence but to appropriate exercise prescription in T2D. There is great need for a true 
efficacy trial, with rigorous study design, examining physical activity adherence in older adults 
with T2D. An extension of this research would involve testing the efficacy of the REWinD 
intervention compared to a true attentional control such as a stretching and education group. 
 Our findings indicate associations among working memory performance, cognitive 
flexibility and self-regulatory strategy use. However, that is not to say that executive function 
and self-regulation are synonymous. Executive reasoning facilitates self-regulation and self-
control but the relationship of more effortful, goal-directed aspects of self-regulation, which 
requires cognitive flexibility, to lower order more automatic aspects of self-regulation remains 
unclear. Building on the REWinD pilot trial, future research warrants the inclusion of measures 
of more basic aspects of self-control such as autonomic function and stress physiology. It would 
also be beneficial to include better operationalization of self-regulatory capacity. The literature 
indicates a wide range in conceptualization of self-regulatory capacity. For an efficacy trial, the 
inclusion of a laboratory based self-regulatory depletion test may be a valuable method to 
measure self-regulatory capacity. 
A significant gap in the literature pertains to whether physical activity is a viable 
mechanism to remediate cognitive impairment in older adults with T2D. Previous research has 
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established that certain cognitive impairments are associated with T2D (Awad et al., 2004; Ryan, 
2005). Considering the existent literature regarding neuroprotective effects of physical activity 
and fitness in healthy older adults, a logical research question would involve examining the 
effects of exercise training on cognitive function in older adults with T2D. There is some 
evidence that regular exercise training has been shown to modify the progression of diabetic 
peripheral neuropathy (Balducci et al., 2006) and a couple studies have examined the association 
of physical activity level on cognitive status in older adults with inconclusive results (Devore, 
Hee Kang, Okereke, & Grodstein, 2009; Madarshahian, Hassanabadi & Nikoo, 2014).  However, 
the effect of physical activity on brain structure or function impairments related to T2D has yet 
to be empirically explored. 
The findings from the REWinD pilot trial support a multi-faceted approach to increasing 
physical activity in older adults with T2D. These results suggest that interventions combining 
social-cognitive based intervention with cognitive remediation focusing on updating (and 
maintaining) relevant information in working memory, shifting between task sets or flexibility, 
and inhibiting prepotent responses may increase self-regulatory strategy use or ultimately 
physical activity adherence. Future research is needed to test whether the combination of social 
cognitive behavioral intervention (such as REWinD) and cognitive training would 1) increase 
self-regulatory capacity, 2) increase physical activity behavior, and 3) decrease disease severity 
in this population.  
Conclusions 
Overall, the results of this study provide some support for the hypothesized self-
regulatory capacity model of physical activity behavior and the efficacy of the intervention to 
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increase physical activity in older adults with T2D. These results indicated that specific 
executive functions (i.e. working memory and cognitive flexibility) are important to self-
regulation and that baseline flexibility and inhibition tasks predicted physical activity six months 
later. These results underscore the importance of self-regulatory capacity and self-efficacy for 
successful physical activity adherence in older adults with T2D.  
The data provide preliminary support that the REWinD intervention was effective in 
increasing physical activity in older adults with T2D. Individuals who participated in the 
intervention group, compared to an education control condition, exhibited both short- and long-
term increases in self-efficacy, self-regulatory strategy use, and physical activity. There was 
some evidence that participation in the intervention lead to short term improvements in 
glycosylated hemoglobin.  
Improving physical activity adherence in T2D is an important public health priority as 
physical activity is a powerful first-line therapy for preventing disease, alleviating symptoms, 
slowing disease progression and even occasionally reversing diabetes altogether. As the 
population continues to age, translatable interventions targeting physical activity in older adults 
will be crucial to controlling personal and societal impact of T2D. 
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CHAPTER VII: TABLES 
Table 1. Baseline Descriptive Values for the REWinD Trial
 
 
  Intervention Usual Care Total 
 (n = 58) (n = 58) (n = 116) 
Age, y 61.3 ± 5.8 62.4 ± 6.9 61.8 ± 6.4 
Sex, No. (%)    
 Female 37 (63.8) 38 (65.5) 75 (64.7) 
 Male 21 (36.2) 20 (34.5) 41 (35.3) 
Race, No. (%)    
 African American   9  (15.5) 7 (12.1) 16  (13.8) 
 Asian  2   (3.4) 1  (1.7)  3   (2.6) 
 White  45  (77.6) 49  (84.5)     94  (81.0) 
 Multi-Racial  2   (3.4) 1  (1.7)   3   (2.6) 
Ethnicity, No. (%)    
Hispanic or Latino 2   (3.4) None  2   (1.7) 
Not Hispanic or Latino 56 (96.6) 58 (100)  114  (98.3) 
Education
a
, No. (%)    
 Not High School Graduate  1   (1.8)  2   (3.4)  3   (2.6) 
 High School Diploma  7  (12.3) 10 (17.2) 17 (14.8) 
 Some College 17 (29.8) 15 (25.9) 32 (27.8) 
 College Graduate 15 (26.3) 21 (36.2) 36 (31.3) 
 Graduate Degree 17 (29.8) 10 (17.3) 27 (23.5) 
Employment
a
, No. (%)    
Working Full Time 19 (33.3) 21 (36.2) 40 (34.8) 
Working Part Time 14 (24.6) 14 (24.1) 28 (24.3) 
Retired 20 (35.1) 17 (29.3) 37 (32.2) 
Unemployed/Disability  3  (5.3)  6  (10.3) 10   (8.7) 
Annual Income
a
, No. (%)    
 < $20,000 6 (10.8) 9 (16.4) 15 (13.5) 
 ≤ $40,000 12 (21.5) 11 (20.0) 23 (20.7) 
 > $40,000 38 (67.9) 35 (63.6) 73 (65.8) 
Taking oral medication, No. (%) 41 (70.7) 37 (63.8) 78 (67.2) 
Taking insulin, No. (%) 16 (27.6) 10 (17.2) 26 (22.4) 
Body Mass Index 34.8 ± 5.5 36.8 ± 7.1 35.8 ± 6.4 
HbA1c (%) 7.30 ± 1.5 6.90 ± 1.3 7.11 ± 1.4 
a
 Frequencies may not sum to group totals due to unreported data 
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Table 2. Intervention Exercise Log Weekly Means and Standard Deviations 
Week Missing No(%) Mean (mins) ± SD 
Week 1 4 (7.8) 92.4 62.8 
Week 2 5 (9.8) 115.7 57.1 
Week 3 4 (7.8) 162.4 84.2 
Week 4 6 (11.7) 157.7 75.2 
Week 5 5 (9.8) 195.4 120.6 
Week 6 9 (17.6) 180.8 66.9 
Week 7 12 (23.5) 181.4 84.3 
Week 8 16 (31.3) 222.0 101.1 
Average -- 158.06 62.22 
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Table 3. Education Group Website Engagement Overview 
Module Comments Views 
Week 1 36 377 
Week 2 31 310 
Week 3 27 272 
Week 4 27 272 
Week 5 26 195 
Week 6 19 147 
Week 7 19 146 
Week 8 16 112 
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Table 4. Short- and long-term intervention effect on self-regulatory strategy use 
  M0 M2 Cohen’s 
d 
p M6 Cohen’s 
d 
p 
  M(SD) M(SD)   M(SD)   
Self-
regulatory 
Strategy 
Use 
Exercise 24.4(8.1) 40.1(10.2) 1.70 <.001 33.6(11.3) .94 <.001 
Education 25.7(8.6) 27.0(9.8) .14 n.s. 27.5(9.4) .20 .09 
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Table 5. Short- and long-term intervention effects on self-efficacy (compared to baseline) 
  M0 W2 Cohen’s d p M2 Cohen’s d p M6 Cohen’s d p 
  M(SD) M(SD)   M(SD)   M(SD)   
SEW Exercise 54.8(30.0) 74.0(26.0)  .68 <.001 80.6(23.1) .94 <.001 75.3(24.9)  .74 <.001 
 Education 41.6(28.9) 46.4(28.9)  .16 n.s. 45.9(32.7) .14 n.s. 42.1(33.3)  .02 n.s. 
LSE Exercise 40.4(17.6) 42.4(22.1)  .10 n.s. 43.8(16.2)  .20 n.s. 37.1(18.0) -.18 n.s. 
 Education 33.6(18.7) 31.7(19.8) -.09 n.s. 27.8(20.4) -.30 <.01 25.6(22.4) -.39 <.01 
BARSE Exercise 52.7(24.2) 62.9(24.3)  .42 <.001 57.8(26.7)   .20 n.s. 48.8(29.1) -.15 n.s. 
 Education 45.1(25.7) 48.4(26.1)  .13 n.s. 39.7(26.7) -.21 n.s. 29.6(23.7) -.63 <.001 
EXSE Exercise 58.3(30.1) 66.2(29.9)  .26 <.001 67.8(30.0)  .32 <.01 57.2(32.1) -.04 n.s. 
 Education 41.0(31.9) 48.1(31.4)  .22 .06 39.2(34.2) -.05 n.s. 38.2(37.0) -.08 n.s. 
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Table 6. Short- and long-term intervention effect on glycosylated hemoglobin 
  M0 M2 Cohen’s  
d 
p M6 Cohen’s  
d 
p 
  M(SD) M(SD)   M(SD)   
Glycosylated 
Hemoglobin 
Exercise 7.2(1.3) 6.9(0.9) -.27 <.01 7.2(1.5) .00 n.s. 
Education 6.7(1.1) 6.8(1.1) .09 n.s. 6.5(0.7) -.22 .14 
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Table 7. Correlations between change in minutes of moderate-to-vigorous physical activity (from 
m0 to m2) and self-efficacy, and self-regulatory strategy use. 
Measure Time-Point Correlation 
w/ Δ MVPA 
p 
Lifestyle self-efficacy M2 .329 <.01 
 M6 .359 <.01 
Self-efficacy for walking M2 .319 <.01 
 M6 .387 <.01 
Exercise self-efficacy (duration) M2 .491 <.01 
 M6 .389 <.01 
Barriers self-efficacy M2 .376 <.01 
 M6 .381 <.01 
Self-regulatory strategy use M2 .391 <.01 
 M6 .315 <.01 
Note: Correlations controlled for age, gender, and income.  
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Table 8.a. Regression analysis of effect of change in physical activity (from m0 to m2) on self-efficacy at month two 
 Lifestyle Self-Efficacy Walking Self-Efficacy Exercise Self-Efficacy Barriers Self-Efficacy 
Predictors β t p R2 p β t p R2 p β t p R2 p β t p R2 p 
age -.08 -.87 n.s. 
.42 <.01 
.02 .25 n.s. 
.44 <.01 
-.06 -.71 n.s. 
.32 <.01 
-.14 -1.7 n.s. 
.39 <.01 
gender .06 .72 n.s. .16 2.0 <.05 .22 2.8 <.05 .31 3.8 <.01 
income .04 .47 n.s. .08 1.0 n.s. .02 .23 n.s. -.09 -1.1 n.s. 
Baseline 
value 
.61 6.9 <.01 .56 6.7 <.01 .43 4.9 <.01 .53 6.3 <.01 
Δ minutes 
MVPA 
.16 1.9 <.05 .02 <.01 .17 2.1 <.05 .03 <.05 .35 4.1 <.01 .11 <.01 .28 3.4 <.01 .07 <.01 
 
Table 8.b. Regression analysis of effect of change in physical activity (from m0 to m2) on self-efficacy at month six 
 Lifestyle Self-Efficacy Walking Self-Efficacy Exercise Self-Efficacy Barriers Self-Efficacy 
Predictors β t p R2 p β t p R2 p β t p R2 p β t p R2 p 
age .00 -.01 n.s. 
.28 <.01 
.03 .40 n.s.  
.40 <.01 
.08 .83 n.s. 
.17 <.01 
-.02 -.27 n.s. 
.37 <.01 
gender .14 1.5 n.s. .13 1.5 n.s. .14 1.4 n.s. .14 1.6 n.s. 
income .04 .47 n.s. -.09 -1.0 n.s. .03 .28 n.s. -.07 -.86 n.s. 
Baseline 
value 
.45 4.5 <.01 .58 6.6 <.01 .27 2.7 <.01 .56 6.5 <.01 
Δ minutes 
MVPA 
.24 2.4 <.05 .05 <.01 .28 3.3 <.01 .07 <.01 .32 3.2 <.01 .09 <.01 .28 3.3 <.01 .07 <.01 
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Table 9.a. Regression analysis of effect of change in physical activity (from m0 to m2) on self-
regulatory strategy use at month two 
 Self-Regulatory Strategy Use 
Predictors β t p R2 p 
age .01 .16 n.s. 
.22 <.01 
gender .11 .1.3 n.s. 
income .17 1.9 .06 
Baseline value .34 3.9 <.01 
Δ minutes 
MVPA/day 
.38 4.3 <.01 .13 <.01 
 
Table 9.b. Regression analysis of effect of change in physical activity (from m0 to m2) on self-
regulatory strategy use at month six 
 Self-Regulatory Strategy Use 
Predictors β t p R2 p 
age .09 .95 n.s. 
.26 <.01 
gender -.04 -.46 n.s. 
income -.05 -.51 n.s. 
Baseline value .46 4.9 <.001 
Δ minutes 
MVPA/day 
.26 2.8 <.01 .06 <.01 
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Table 10. Short- and long-term intervention effects on physical activity measured by 
accelerometry (compared to baseline) 
  M0 M2 Cohen’s  
d 
p M6 Cohen’s  
d 
p 
  M(SD) M(SD)   M(SD)   
Minutes of 
MVPA/day 
Exercise 8.9(9.7) 20.2(18.1) .82 <.01 11.8(11.4) .27 <.01 
Education 6.8(7.9) 7.6(9.5) .09 n.s. 6.8(8.2) .00 n.s. 
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CHAPTER VIII: FIGURES 
Figure 1.Self-Regulatory Processes Indirect Influence on Physical Activity Behavior through 
Self-Efficacy  
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Figure 2. The Triadic Reciprocity of the Social Cognitive Theory.  
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Figure 3. Illustration of Exercise Intervention Components 
Week Walk 1 Walk 2 Walk 3 Walk 4 Walk 5 Group 
1 
On-site 
(10-20mins) 
On-site 
(15-25mins) 
On-site 
(15-25mins) 
-- -- Group 1 
2 
On-site 
(15-25mins) 
On-site 
(15-25mins) 
On-site 
(15-25mins) 
-- -- -- 
3 
On-site 
(20-30mins) 
On-site 
(20-30mins) 
At home 
(20-30mins) 
At home 
(20-30mins) 
-- Group 2 
4 
On-site 
(20-30mins) 
On-site 
(20-30mins) 
At home 
(20-30mins) 
At home 
(20-30mins) 
-- -- 
5 
On-site 
(30+mins) 
At home 
(30+mins) 
At home 
(30+mins) 
At home 
(30+mins) 
At home 
(30+mins) 
Group 3 
6 
On-site 
(30+mins) 
At home 
(30+mins) 
At home 
(30+mins) 
At home 
(30+mins) 
At home 
(30+mins) 
-- 
7 
At home 
(30+mins) 
At home 
(30+mins) 
At home 
(30+mins) 
At home 
(30+mins) 
At home 
(30+mins) 
-- 
8 
At home 
(30+mins) 
At home 
(30+mins) 
At home 
(30+mins) 
At home 
(30+mins) 
At home 
(30+mins) 
Group 4 
  
Workshop Number Topics/Activities 
Group Workshop 1 
Introduction 
PA Guidelines & Safety 
Goal-Setting 
Group Workshop 2 
Goal-setting/Monitoring 
Barriers and Strategies 
Planning/scheduling  
Group Workshop 3 
Goal-Setting/Monitoring 
Confidence Building 
Cognitive Reframing 
Group Workshop 4 
Goal-Setting/Monitoring 
Relapse Prevention & Recovery 
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Figure 4. The REWinD Trial CONSORT 
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Figure 5. Objective 1—Model 1 
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Figure 6. Objective 1—Model 2 
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Figure 7. Objective 1—Model 3 
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Figure 8. Trajectories of self-regulatory strategy use by group 
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Figure 9. Trajectories of Self-Efficacy by Group 
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Figure 9. Trajectories of Self-Efficacy by Group (cont.) 
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Figure 9. Trajectories of Self-Efficacy by Group (cont.) 
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Figure 10. Trajectories of glycosylated hemoglobin by group 
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Figure 11. Trajectories of Fasting Blood Glucose by Group 
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Figure 12. Trajectories of Moderate-to-Vigorous Physical Activity by Group 
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